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Abstract  
  
Most  national,  regional  and  municipal  visions  affecting  the  Øresund  regional  energy  system  can  
be   boiled   down   to   one   single   aspiration:   The   achievement   of   a   fossil   free   energy   system.   A  
considerable   part   of   this   aspiration  will   -­‐‑   according   to   the   visions   -­‐‑   be   achieved   by   increased  
wind  power  production.  This  thesis  analyses  the  potential  impacts  of  an  increased  share  of  wind  
power   in   the   Nordic   electricity   system,   and   considers   how   different   flexible   options   could  
counterbalance  wind  power  in  an  Øresund  regional  context.  The  main  objective  is  to  highlight  
important  trends,  uncertainties  and  options  to  be  considered,  when  making  choices  for  a  more  
flexible   energy   system   in   the   Øresund   Region.   These   trends   and   uncertainties   are   brought  
forward  with  inspiration  from  the  method  of  Trendmapping,  while  the  method  of  Backcasting  
has  been  the  inspiration  for  seeking  out  combinations  of  flexible  options,  with  a  special  focus  on  
thermal  energy  storage  (TES)  and  large-­‐‑scale  flexible  production  options.  It  is  concluded  that  the  
increased   share   of   wind   power   in   combination   with   an   inflexible   combined   heat   and   power  
(CHP)  production   to   a  minor   extent   already   stimulate   fluctuating  power  prices   and  outmatch  
thermal  power  production.  This  impact  is  likely  to  be  enhanced  over  time  and  heat  prices  could  
also  be  affected.  The  more   significant   the  differences  are  between  high  and   low  power  prices,  
and  the  higher  the  heat  prices  are,  the  higher  is  also  the  potential  for  flexible  options  like  TES.  It  
is  suggested  to  implement  large-­‐‑scale  heat  pumps  in  combination  with  the  already  existing  tank  
thermal  energy  storages  at  the  CHP  facilities  and  to  upscale  the  use  of  TES  in  order  to  support  
the   flexibility  of   the   total   energy   system  and  of   renewable   energy   sources   such  as  geothermal  
energy  and  solar  energy.  
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   3  
Executive  Summary  
  
The   aim   of   this   thesis   is   to   highlight   important   trends,   uncertainties   and   options   to   be  
considered,  when  making  choices  for  a  more  flexible  energy  system  in  the  Øresund  Region.  Two  
research  questions  have  structured  the  analysis:    
  
How   could   the   Øresund   regional   energy   system   be   impacted   from   the   increased   share   of   wind  
power  in  the  Nordic  electricity  system?  
  
Which  flexible  options   including  thermal  energy  storage  have  the  potential  to  counterbalance  this  
impact  on  a  short-­‐‑term  and  a  long-­‐‑term  basis?    
  
  
The  basis  for  asking  these  questions  is  the  official  ambitions  for  more  renewable  energy,  and  in  
particular  more  wind  power  in  the  Nordic  electricity  system;  this  thesis  is  therefore  based  on  a  
normative  approach,  as  it  supports  these  visions  of  fossil-­‐‑free  energy  systems.  As  wind  power  is  
acknowledged  to  be  a  fluctuating  energy  source,   it   is  assumed  that  a  highly  increased  share  of  
wind  power  will   impact   the  total  energy  system,  which  will  have  to  adjust   to  this   intermittent  
key  energy  source.  The  first  research  question  is  concerned  with  the  consequences  of  this  impact  
on   the   present  Øresund   regional   energy   system.  Will   the   increased   share   of  wind   power,   for  
instance,  affect  the  current  high  level  of  CHP  production?  And  what  could  the  potential  effects  
be  on  electricity  and  heat  prices  on  the  short-­‐‑term  and  long-­‐‑term  bases?    
  
In   the   search   for   flexible   options   to   counterbalance   this   potential   impact,   an   explorative  
approach   is   taken;   although   a   focus   is   placed   at   thermal   energy   storage   (TES),   it   is  
acknowledged  that  a  more  flexible  energy  system  cannot  be  based  on  this  solution  alone.  Thus  
alternative  flexible  options  and  the  synergies  between  these  options  are  explored;   included  are  
electricity   to   heat   via   large-­‐‑scale   heat   pumps   and   electrical   boilers,   complementary   renewable  
energy   sources   such   as   solar   and   geothermal   energy,   flexibility   through   extension   of  DH  and  
electrical  transmission  systems  and  dynamic  market  options.  The  focus  is  mainly  on  large-­‐‑scale  
flexible   options   in   conjunction   with   the   production   system;   domestic   flexible   options   are  
discussed  only  briefly.  
    
Empirically,   this   research   is   based   on   a   number   of   interviews  with   partners   from   the   Energy  
Øresund  Project1  as  well  as  external  energy  experts.  A  review  has  been  undertaken  of  the  official  
visions   and   strategies   affecting   the   Øresund   Region,   and   a   broad   range   of   energy   reports,  
prognoses   and   scenarios   have   been   examined   in   order   to   explore   the   two   research   questions  
presented   above.   Moreover,   the   structure   of   the   Nordic   electricity   system   and   the   special  
Øresund   regional   characteristics   of   relevance   to   the   research   questions   have   been   examined  
through   literature   reviews   and   interviews.   Trendmapping   and   Backcasting   have   served   as  
methodological  inspiration  for  the  thesis  analysis  of  trends,  uncertainties  and  options.  
  
                                                                                                 
1 A description of the Energy Øresund Project is found in Appendix A.  
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The   research   identified   two   key   trends   that   point   at   an   enhanced   potential   for   a  more   flexible  
energy  system  in  the  Øresund  Region:  
  
A  widespread  CHP  production  leads  to  excess  power  production   in  periods  when  the  
wind   power   production   is   high   simultaneously   with   the   heat   demand.   The   present  
fluctuations  in  the  Nordic  power  prices  can  mainly  be  ascribed  to  the  differences  in  high  
and   low   hydropower   production,   transmission   bottlenecks/market   failures   and   an  
overproduction   from   inflexible  CHP   facilities.  However,   the   combination  of   high  CHP  
production   and   increased   wind   power   production   can   be   expected   to   result   in   more  
periods  with  very  low  or  even  negative  market  power  prices,  which  would  enhance  the  
potential  of  a  more  flexible  CHP  production  in  the  Øresund  Region.  
    
The   most   inefficient   thermal   power   production   is   already   used   less   due   to   the  
occasionally   lower   power   prices.   Although   this   development   is   desirable,   it   raises   the  
prices  on  power  capacity  in  periods  of  low  wind/hydropower  production.  The  higher  the  
differences  between  power  prices  are,   the  higher   is   the   incentive   for   flexible  options   to  
counterbalance   these   fluctuations.   Also   the   heat   prices   could   be   affected,   if   the   CPH  
production  is  decreased  –  especially  in  the  Øresund  Region,  where  heat  for  a  long  time  
has  been  an  inexpensive  by-­‐‑product  of  electricity  production.  Higher  heat  prices  would  
further  enhance  the  potential  of  a  flexible  energy  system.    
  
A  number  of  flexible  options  were  recommended  to  counterbalance  the  negative  impacts  of  these  
trends:  
  
In  a  short-­‐‑term  perspective  options  for  a  more  flexible  CHP  production  could  be  large-­‐‑
scale   heat   pumps   combined  with   the   already   existing   Tank   TES   at   the   CHP   facilities.  
With  this  combination,  heat  pumps  could  heat  the  water  in  the  storage  tanks,  when  the  
electricity   prices   are   low   in   order   for   the   CHP   facilities   to   avoid   excess   electricity  
production,  while  still  being  able  to  deliver  heat.  An  expansion  of  the  European  power  
transmission   system   was   also   ascribed   some   flexible   potential,   as   long   as   the  
simultaneity   of   the  Northern  wind   power   production   is   considered.   Also   Turbine-­‐‑By-­‐‑
Pass,   Smart   Grid   Systems,   domestic   flexible   options,   dynamic   power   tariffs,   natural  
gas/biogas  and  Intelligent  Energy  Systems  are  ascribed  different  important  functions  in  a  
future  flexible  energy  system  in  the  Øresund  Region.  
    
In  a   long-­‐‑term  perspective   larger   flexible  options  and  stabile  heat  production  gain  a  
higher   potential.  With   the   tendencies   described   above,   the   potential   for   larger   TES  
options  will   increase   over   time.   Especially   the  more   expensive   but   also  more   efficient  
and  less  space  demanding  storage  options  Borehole  TES  (BTES)  and  Aquifer  TES  (ATES)  
could   gain   a   higher  potential   if   storage   is   needed   for   longer  periods/higher   capacities.  
The  tendencies  described  above  also  point  at  a  higher  potential  for  especially  stable  heat  
production  e.g.  from  geothermal  and  solar  energy,  that  are  only  used  to  a  smaller  extent  
in  the  Øresund  Region  today.  These  renewable  energy  sources  (RES)  would  also  enhance  
the  potential  for  the  larger  TES  options  mentioned  above,  as  they  are  not  flexible  to  the  
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demand  and  the  current  production    
  
Uncertainties  influencing  this  development  were  mainly  found  to  be:    
  
Future  energy  prices  could  e.g.  be  influenced  by  rises  in  fuel  prices,  extent  of  fluctuating  
power   supplied,   decrease   or   increase   in   hydropower   and   nuclear   power   production,  
increased  use  of  flexible  options  and  an  extension  of  the  trading  system.    
  
The   potential   and   flexibility   of   TES   is,   besides   higher   heat   prices   and   differences   in  
power   prices,   especially   influenced   by   the   conditions   for   large-­‐‑scale   heat   pumps.  
Moreover  an  increase  in  RES  that  require  TES  in  order  to  be  flexible,  and  in  technological  
knowledge  sharing  and  development  influence  the  relevance  and  feasibility  of  especially  
the  larger  TES  options  –  PTES,  BTES  and  ATES.    
  
  
Finally,   the   thesis   argues   that   the  many   different   experiences   found   in   an   energy   system  with  
many  similarities  provide  a  strong  basis  for  further  co-­‐‑operation  in  the  Øresund  Region.  
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1. Introduction, Focus and Project Design 
 
 
1.1 Introduction  
  
The  Nordic  energy  system  faces  a  radical  conversion  during  the  next  decades  if  the  majority  of  
the   national   and  municipal   energy   visions   in   the   region   are   realised.   Especially   the   share   of  
wind  power,   can  be  expected   to   increase  not  only   in  Denmark,  where   the  ambition   is   to  have  
52%  of  the  total  electricity  production  coming  from  wind  power  by  the  year  2020,  but  also  in  the  
neighbouring  countries  Norway,  Germany  and  Sweden.  In  Sweden  the  target  is  to  have  19%  of  
the   total   electricity   production   coming   from   wind   power   by   the   year   2020   –   maybe   not   as  
impressive  as  the  Danish  target,  but  compared  to  year  2005-­‐‑levels,  the  increase  in  wind  power  is  
90%   in   Sweden   and   56%   in   DK   (Danish   Government,   2011;   Swedish   Government,   2011;   Ea  
Energy  Analysis,  2007:27).    
  
The   Nord   Pool   Spot   Market   connects   Nordic   electricity   production;   here   electricity   is   daily  
traded  and   the  price   is   set   according   to  power   supply  an  demand.  This   cooperation  gives   the  
partner   countries   access   to   a   greater  power   supply   and   thereby   increases   the   flexibility   of   the  
national  energy  system.  Especially   for  Denmark   this  has  been  an  advantage,  as   the  Nord  Pool  
Spot   Market   gives   access   to   the   abundant   hydropower   supplies   in   Northern   Norway   and  
Sweden.  Also  as  the  share  of  wind  power  increases,  this  co-­‐‑operation  can  be  seen  as  beneficial;  
hydropower   delivers   a   fast,   short-­‐‑term   balancing   reserve,   that   can   rapidly   be   turned   up   and  
down,  and  thereby  ʹ′storeʹ′  some  of  the  Danish  wind  power  (Ea  Energy  Analysis,  2007:92).    
  
However,  the  fact  that  wind  power  tends  to  fluctuate  in  all  of  the  Nordic  countries  has  already  
raised   the   demand   for   balancing   hydropower   in   periods   of   low   wind   power   production.  
Sweden  responded  initially  by  saving  the  hydropower  supply  for  its  own  benefit   in  dry  years,  
when   the   supply   was   low,   but   as   an   EU-­‐‑ruling   last   year   stated   that   this   procedure   is   not  
acceptable,   Sweden   responded   by   dividing   the   country   into   four   zones,   leaving   Southern  
Sweden  in  the  same  middle-­‐‑priced2  zone  as  Eastern  Denmark  (Energy  Supply,  2011;  Reel  Energi  
Oplysning,  2011:2).  
 
Despite  a  low  availability  of  hydropower3  and  more  or  less  uniform  power  prices,  the  Øresund  
                                                                                                 
2 ’Middle-priced’ refers to the placement of the Øresund Region in between the generally lower priced Northern Sweden 
and Norway and the generally higher priced Northern Germany (Søndergren, Interview, 2012). Germany is not a part of 
the Nord Pool Spot Market, but electricity is traded with Germany through Western Denmark (Energinet.dk, 2011e).  
3 And moreover a low regional availability of biomass.  
1.1 Introduction 
1.2 Main Objective and Research Questions 
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  2  
Region  also  shares  a  relatively  high  CHP  production.  For  example,  all  DH  in  Malmø  City  and  in  
the  Capital  Region  of  Denmark  is  produced  in  co-­‐‑generation  with  electricity  (CTR,  KE  and  VEKS,  
2009b:27;  SYSAV,  2009:3;  Power  Technology-­‐‑com,  2012).   
  
CHP  production  has  the  advantage  of  high  fuel  efficiency,  and  it  provides  heat  as  a  cheap  by-­‐‑
product  of  electricity  production.  However,  the  benefits  of  CHP  production  in  an  energy  system  
with  a   corresponding  heat  and  electricity  demand  might  become  a  disadvantage   in  an  energy  
system,  where  electricity  is  only  occasionally  needed  –  as  can  be  the  case  given  increased  wind  
power  production.  Especially  in  wintertime,  when  wind  power  production  is  typically  high,  the  
simultaneous  high  CHP  production  due  to  a  high  heat  demand  can  be  expected  to  lead  to  excess  
electricity   production   (Søndergren,   Interview,   2012;   Danish   District   Heating   Association,  
2011a:13).  
    
Under  normal   conditions,   a   trading   system   the   size  of  Nord  Pool   should  be  able   to  distribute  
this  excess  electricity  and  equalise  the  power  prices  at  all  times  by  letting  the  power  flow  from  
lower  priced  to  higher  priced  areas,  and  by  giving  incentives  to  extend  the  transmission  capacity  
if  needed  (Nordpoolspot,  2011).  However,  the  costs  of  counterbalancing  power  in  periods  of  low  
wind  production  might  become  very  high   if   the  Nordic  wind  power  production   is   low   in   the  
same  hours,  and  thermal  power  production   is  gradually  pressed   to  a  minimum,  resulting   in  a  
more  expensive  peak-­‐‑load  power  capacity4  (Ea  Energy  Analysis,  2007:86/91).    
  
Many   strategies  have  been  developed   to   smooth   the   integration  of  wind  power   in   the  Nordic  
energy   system   –  most   of   them   point   at   an   increased   need   for   flexibility.   The   flexible   options  
typically   considered   have   a   focus   on   increasing   electricity   consumption   in   periods  with   high  
wind   power   production   while   down-­‐‑scaling   alternative   power   production,   and   decreasing  
electricity   consumption   in   periods   with   low  wind   power   while   scaling   up   alternative   power  
production  at  those  times  (Ea  Energy  Analysis,  2009b).  
  
One   way   to   increase   the   power   consumption   in   periods   with   generally   high   wind   power  
production   is   to   use   the   electricity   for   heat   production.   This   can   for   instance   be   achieved   by  
using  heat  pumps  or  electrical  boilers  that  instantly  convert  electricity  to  heat  to  be  used  on  the  
building  level  or  to  be  distributed  in  the  DH  system.  However,  periods  may  occur,  where  heat  is  
not  needed  instantly;  for  instance  when  the  CHP  facilities  already  produce  enough  heat  to  cover  
the  demand.  In  this  case  heat  can  be  stored  for  hours,  weeks  or  even  seasons.  Short-­‐‑term  thermal  
energy   storage   is   already   used   in   the   Øresund   Region,   but   the   potential   for   thermal   energy  
storage  might   increase   in   the   future   if   the   combination   of   CHP   and  wind   power   production  
leads  to  gradually  more  excess  electricity  that  is  exported  for  low  or  even  negative  prices  at  the  
Nord  Pool  Spot  Market.    
  
Another  fact  points   towards  an  enhanced  potential   for   flexible  options  such  as   thermal  energy  
storage   (TES):  Nordic  ambitions   for   the   future  energy  system  not  only  aims  at   increased  wind  
power  production,   but   also   increased   renewable   energy   sources   (RES)   in   general.   By   the  year  
                                                                                                 
4 Peak-load in this context not only refers to the power demand, but also to the periods, where low supplies of wind and 
hydropower raises the Spot prices to a level where extra thermal power production becomes relevant.  
   3  
2020  RES  should  cover  30%  and  50%  of  the  total  energy  consumption  in  Denmark  and  Sweden  
respectively   (Danish  Government,   2011)   (Swedish  Government,   2011).5  While   the   extension   of  
hydropower  production  has  been  restricted  in  Sweden,  biomass  seems  to  be  the  ‘new  coal’  also  
in  Denmark,  where   the  replacement  of   fossil-­‐‑fuelled  CHP  blocks   is  on-­‐‑going.  However,  as   the  
demand   for   biomass   can   be   expected   to   rise   worldwide,   other   renewable   alternatives   to   the  
fluctuating   wind   power   are   sought   for   (Swedish   Energy   Agency,   2010d:5;   Politiken,   2010;  
Søndergren,  Interview,  2012).  
  
In   Copenhagen   Municipality,   Lund   Municipality   and   Malmø   City,   the   interest   is   growing  
toward  using  or  up  scaling  the  already  existing  use  of  geothermal  and  solar  energy.  However,  
geothermal   and   especially   solar   energy   are   not   flexible   resources   that   can   be   adjusted   to   the  
fluctuations  of  wind  power.  Thus  the  potential  for  options  like  TES  might  also  be  enhanced  with  
the  increased  introduction  of  other  RES  than  wind  and  biomass.    
  
1.2  Main  Objective  and  Research  Questions  
  
The  main  objective  of  this  thesis  is  to  highlight  important  trends,  uncertainties  and  options  to  be  
considered,  when  making  choices  for  a  more  flexible  energy  system  in  the  Øresund  Region.    
  
To  structure  this  analysis,  two  research  questions  were  outlined:    
  
How  could  the  Øresund  regional  energy  system  be  impacted  from  the  increased  share  of  wind  power  in  the  
Nordic  electricity  system?  
  
Which  flexible  options  including  thermal  energy  storage  have  the  potential  to  counterbalance  this  impact  
on  a  short-­‐‑term  and  a  long-­‐‑term  basis?    
  
  
  
  
  
  
  
  
     
                                                                                                 
5 A Danish increase in RES of 42% and a Swedish increase of 13% compared to year 2009-levels (Swedish Energy 
Agency, 2010b:57; Danish Energy Agency, 2011f). 
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1.3 Project Design 
  
The   first   research  question   is  based  on   the  assumption   that  Nordic  visions  of  fossil-­‐‑free   future  
energy   systems   lead   to   an   increased   share   of   fluctuating   energy   sources6  that  will   impact   the  
present  energy  system.     The  question  is  concerned  with  the  consequences  of  this   impact  to  the  
present  Øresund  regional  energy  system.  Will   the   increased  share  of  wind  power   for   instance  
affect   the   current   high   level   of   CHP   production?   And   what   could   potential   effects   be   on  
electricity   and   heat   prices   on   short-­‐‑term   and   long-­‐‑term   bases?   This   initial   exploration   is  
illustrated  in  the  lower  part  of  the  Project  Design  presented  below.  
  
  
The  upper  part   of   the  Project  Design   illustrates   the   second   research  question,   focusing  on   the  
need  to  counterbalance  this  potential  impact  of  an  increased  share  of  wind  power  in  the  Nordic  
energy   system.   The   research   question   assumes   that   this   impact   will   result   in   a   need   for  
counterbalancing   flexible  options.   It   is  moreover  assumed   that   the   integration  of   these   flexible  
options  influence  whether  visions  of  future  fossil-­‐‑free  energy  systems  can  be  met.    
     
                                                                                                 
6 Not only wind power, but also biomass and hydropower can be expected to make up a large share of the Nordic energy 
system in a year 2020-2030 perspective, but as hydropower production is not expected to be expanded in the Nordic 
energy system and biomass is not a fluctuating energy source (although questioned for other reasons), the focus here is 
especially upon wind power.  
  
  
  
  
Uncertainties  
and  options  to  
be  considered  in  
the  planning  of  a  
more  flexible  
regional  energy  
system  
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2. Thesis Basics  
 
 
2.1 Expected Outcome of the Thesis 
 
The   main   outcome   of   this   thesis   will   be   the   identification   and   analysis   of   the   trends,  
uncertainties  and  options  that  ought  to  be  considered  when  making  choices  for  a  more  flexible  
energy  system  in  the  Øresund  Region.    
  
It   should   also   be   highlighted,   that   this   analysis   is   not   perceived   as   a   prognosis   of   the   future  
energy   system   –   although   future   options   are   discussed   and   questioned.  Many   other   analyses  
include  forecasts  of  the  potential  future  energy  systems,  and  some  of  these  will  be  discussed  and  
included  in  this  analysis7,  but  as  will  be  clarified  in  the  Methodology  Chapter,  the  main  purpose  
here  is  to  open  up  a  debate  on  how,  when  and  in  which  combination,  options  for  a  more  flexible  
energy  system  could  be  pursued.    
  
Closely  connected  to  the  discussion  of  flexible  options,  is  the  debate  as  to  which  policies  could  
support   a   future   flexible   energy   system   –   suggestions   relating   to   this   discussion   are   also   an  
outcome  of  this  thesis.    
  
     
                                                                                                 
7 See for instance Section 4.2.3 and Section 6.3.1. 
2.1 Expected Outcome of the Thesis  
2.2 Focus and Delimitation  
2.3 The Choice of an Øresund Regional Context for the Analysis 
2.4 Target Group of the Thesis 
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2.2  Focus  and  Delimitation    
  
  
2.2.1  Primary  Focus  on  Thermal  Energy  Storage  (TES)  and  secondary  Focus  
on  other  Flexible  Options  
  
The   ‘flexible   options’   to  be   considered  here  highlight  TES  options.  TES  options   refer   to   thermal  
borehole   storage   (BTES),   thermal   pit   storage   (PTES),   thermal   tank   storage   (Tank   TES)   and  
thermal  aquifer  storage  (ATES).    
  
As   the   potentials   of   these   options   are   highly   dependent   on   which   other   flexible   options   are  
integrated   in   the  energy   system,  as  well   as   the   counterbalancing  potential  of   e.g.  heat  pumps,  
electrical   boilers   and   other   supplementing   RES   such   as   geothermal   energy,   solar   energy   and  
biogas;  a  range  of  options,  including  those  mentioned  above,  will  be  considered.  
  
The    ‘TES  options’  will  also  be  evaluated  against  other  relevant  storage  options  such  as  electricity  
storage  and  gas  storage,  that  also  have  a  potential  to  increase  the  flexibility  of  the  energy  system.  
  
The  focus  on  TES  is  not  an  expression  of  a  belief   in  TES  as  a  single  solution  or  even  as  a  more  
suitable  solution  to  the  challenges  of  the  future  energy  system.  It  is  merely  based  on  a  curiosity  
into  the  possibility  of  working  deeper  with  one  flexible  option  that  has  been  ascribed  as  having  
considerable  potential  in  energy  systems  with  a  high  share  of  wind  power.    
    
2.2.2  Focus  on  Large-­‐‑scale  Flexible  Options,  Delimitation  from  domestic  
Flexible  Options  
  
The   term   ‘large-­‐‑scale   flexible   options’   implies   a   primary   focus   on   the   production   side   of   the  
energy  system.  Large-­‐‑scale  flexible  options  include  options  like  TES,  heat  pumps  and  electrical  
boilers   that  are  connected  to   the  production  side  of   the  energy  system  e.g.  via   the  DH  system.  
This  focus  entails  a  delimitation  from  domestic  flexible  options  such  as  electrical  cars,  individual  
heat  pumps  etc.,  but  also  from  TES  options  used  at  the  building  level.    
  
  
  
Although   it   is   acknowledged   that   domestic   flexible   options   have   potential   strengths   in  
storing/moving  electricity,  their  capacity  is  found  to  be  relatively  limited:    
2.2.1 Primary Focus on Thermal Energy Storage and secondary Focus on other Flexible Options 
2.2.2 Focus on Large-scale Flexible Options, Delimitation from domestic flexible options 
2.2.3 Use of Short-term and Long-term Perspectives 
2.2.4 Geographical Delimitation to the Øresund Region 
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In  periods  with  high  wind  power  production,   the  capacity   to   store  electricity   in  electrical   cars  
and   to   use   electricity   in   individual   heat   pumps   is   relatively   low   even   when   up-­‐‑scaled  
considerably   (Energinet.dk,   2011c:24).   Moreover,   as   individual   flexible   heat   and   electricity  
consumption  options  only  provides  daily  flexibility,  flexibility  on  the  production  side  is  needed  
if  import/export  can  not  cover  the  fluctuations  (Ea  Energy  Analysis,  2009d:9).  
  
The   storage  potential   in   the  DH   system  or   the   gas   system   is   found   to   be   considerably   higher  
than  that  associated  with  domestic  flexible  options,  and  as  e.g.  large-­‐‑scale  heat  pumps  and  TES  
facilities  could  be  integrated  with  the  DH  system,  the  potential  of  gaining  flexibility  by  making  
use  of  these  options  is  estimated  to  be  substantial  (Energinet.dk,  2011c:24).    
  
However,  a  range  of  domestic  flexible  options  will  briefly  be  reviewed  in  Section  9.3.4.  
    
2.2.3  Use  of  Short-­‐‑term  and  Long-­‐‑term  perspectives  
  
The  time-­‐‑horizons  for  the  analysis  are  based  on  the  RE-­‐‑visions  relevant  to  the  Øresund  Region.  
These  will  be  presented  in  Section  3.2,  where  the  relevance  of  using  time-­‐‑horizons  will  also  be  
discussed.    
  
2.2.4  Geographical  Delimitation  to  the  Øresund  Region  
  
This  thesis  is  delimitated  to  a  focus  on  the  Øresund  Region.  As  this  Region  is  highly  dependent  
on  the  Swedish  and  Danish  legal  frameworks  and  to  some  extent  also  on  the  European  energy  
related   directions,   these   will   be   considered   where   necessary.   When   it   is   found   relevant   to  
include  examples  on  for  instance  thermal  energy  storage  and  on  specific  municipal  conditions,  
focus  for  the  review  has  been  on  the  Danish  Capital  Region,  Lund  Municipality  and  Malmø  City.  
This  focus  is  chosen  in  order  to  be  able  to  gain  deeper  knowledge  of  actual  municipal  challenges.  
Moreover,   it   is  observed  that   the  Danish  Capital  Region   is  connected  through  its  coherent  DH  
system,   while   Lund   and   Malmø   represent   two   different   energy   systems   and   approaches   to  
energy  planning,  and  thus  give  access  to  a  variation  of  the  Swedish  energy  system,  which  is  not  
as  connected  in  terms  of  heat  planning  as  the  energy  system  in  the  Danish  Capital  Region.  The  
geographical  closeness  of  the  three  municipalities  is  also  a  relevant  factor  in  terms  of  the  thesis  
part   focus   on   regional   cooperation   in   energy  planning,   but   also   as   options   like   combined  DH  
systems  are  considered.    
  
When  the  term  ‘Southern  Sweden’  is  used,  it  refers  to  the  Nord  Pool  Spot  Market  bidding  area8  
of  Southern  Sweden  as  can  be  seen  here:  Svenska  Kraftnät,  2011.  This  division  is  important,  for  
instance,   because   the   geographical   Southern   Sweden   contains   nuclear   power,  while   the  Nord  
Pool  Spot  bidding  area  of  Southern  Sweden  does  not.    
  
The  thesis’  focus  on  the  Øresund  Region  will  also  be  considered  in  the  following.  
                                                                                                 
8 An area of similar power prices within the Nord Pool Spot Market, as will be clarified in Analysis Part A.  
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2.3 The Choice of an Øresund Regional Context for the Analysis 
  
It   can   be   questioned   whether   a   regional   perspective   is   relevant   in   times   of   extended  
international  cooperation  on  energy   issues,   such  as   there  seems   to  be   in   the  area  of  electricity,  
given   that   the   European   transmission   systems   are   expected   to   be   further   connected  
(Energinet.dk,  2011c:6;  Madsen,  Interview  X,  2011).  Although  connected  electrically  and  by  the  
common   European   energy   standards,   most   countries   develop   very   independent   energy  
strategies.  This   is   also  apparent  on   the  municipal   level   although  many  municipalities   struggle  
with   the   same   challenges   associated  with   the   change   to  more   renewable   energy   systems.   The  
broad   variety   of   incoherent   energy   strategies   developed   by   municipalities   in   Sweden   and  
Denmark  further  supports  this  view  (Ivner,  2009;  Sperling,  2011).    
  
The  Øresund  regional  areas  of  Denmark  and  Sweden  have  many  similarities,  for  example  in  the  
areas   of   electricity   costs,   the   extended   use   of   CHP   and   DH,   population   density   and   limited  
access  to  locally  produced  RES  alternatives  to  wind  power.      In  fact,   in  some  cases,  Eastern  DK  
and  Southern  SE  have  more  in  common,  than  they  do  with  the  rest  of  Sweden  and  Denmark.9    
  
These  similarities  might  prove  to  be  a  favourable  base  for  cooperation  on  solutions  for  a  future  
energy  system.  Many  cooperation  projects  exist  already  within  the  energy  sector  –  topics  range  
from   common   wind   turbine   projects   in   Øresund,   knowledge   sharing   on   energy   efficiency  
buildings,   tests   of   Danish   and   Swedish   biomaterials   in   a   newly   constructed   bio   refinery   in  
Southern  SE  and  cooperation  on  a  potential  Danish-­‐‑Swedish  DH  connection  (Harboe,  personal  
conversation,  2011).  This  thesis  is  especially  inspired  by  the  Energy  Øresund  Project.10    
  
Although   characterized   by   many   similarities,   the   existing   differences   in   the   Øresund   Region  
(especially  within   legislation,   but   also   relating   to   lessons   learned   through  various   energy   and  
energy   storage   projects)   could   give   hints   of   best-­‐‑case   and  worst-­‐‑case   scenarios   that  might   be  
beneficially  shared  across  Øresund  and  outside  of  it.  An  Øresund  regional  co-­‐‑operation  is  thus  
in   this   thesis  not   focused  upon   just   for   its  potential   to  bring  positive   exchanges  between   joint  
forces,   but   also   for   the   benefits   of   potential   exchanges   of   information   about   unsuccessful  
practical  cases  or  legislation  for  the  purpose  of  avoiding  future  mistakes  –  as  will  be  discussed  in  
Section  12.2.    
  
     
                                                                                                 
9 This is for instance apparent in the case of limited energy resources, such as in the electricity pricing and the spread of 
CHP/DH in Southern Sweden compared to Mid,-and Northern Sweden. For Eastern Denmark the similarity is most 
obvious in the area of electricity pricing, as Western Denmark also interacts with Germany and the rest of Europe for the 
trade of electricity. Details surrounding these observations will be clarified later.   
10 See Appendix A for further information on the Energy Øresund Project.  
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2.4  Target  Group  of  the  Thesis  
  
  
This   thesis   is   focused  upon  A)  a  narrow   target  group  within   the  Energy  Øresund  Project   that  
first   inspired   this   thesis,   and   B)   a   broad   target   group   of   relevant   decision   makers   especially  
within  municipalities  in  the  Øresund  Region,  but  also  abroad.    
  
  
2.4.1  Target  Group  A:  Participants  in  the  Energy  Øresund  Project  
  
This   thesis   focuses   especially   upon   the   workgroup   within   energy   storage,   but   also   on   other  
partners   in   the  Energy  Øresund  Project.  11  The   thesis   is   not   conducted   as   a  part   of   the  Energy  
Øresund  Project,  but  the  workgroup  within  energy  storage  has  been  helpful  for  the  purposes  of  
broadening  the  conclusions  of  the  thesis  by  answering  questions  related  to  the  specific  potentials  
and  barriers  surrounding  the  field  of  the  stakeholders.12    
  
However,   this   thesis  might   contribute   to   the  Energy  Øresund  Project  as   it  presents  a   coherent  
analysis  of  the  potential  impact  of  increased  wind  power  in  the  Nordic  electricity  system,  which  
is   not   treated   within   the   Energy   Øresund   Project,   and   it   discusses   flexible   options   to  
counterbalance   this   impact   in   an   Øresund   regional   context,   which   is   a   correlation   only  
sporadically  treated  within  the  Energy  Øresund  Project.  
  
The   thesis   findings   have   continuously   been   presented   to   the   partners   the   Energy   Øresund  
project,  and  will  be  communicated  to  the  partners  when  the  final  report  is  released.  
    
Examples  of  potential  use  of  this  thesis  within  the  Energy  Øresund  project:  
  
• The   reflections  upon   factors   to  be  considered  when  making  choices   for  a  more   flexible  
energy   system   in   the   Øresund   Region   are   relevant   as   a   base   for   discussion   of   the  
politically  directed  recommendations  to  be  given  as  a  part  of  the  Energy  Øresund  Project.    
  
  
  
• The   comparison   of   Øresund   regional   energy   systems,   visions   and   potential   future  
development   could   give   a   basis   for   evaluating   the   potential   of   introducing   additional  
                                                                                                 
11 See Appendix A for more information on the Energy Øresund Project. The working group within energy storage leads 
a key of the Energy Øresund Project.  
12 Refer to Appendix B for an overview of conversational topics with the stakeholders.  
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energy  system  elements  that  are  not  considered  in  this  thesis.  
  
• The   analysis   of   the   potential   impacts   of   increased   wind   power   in   the   Nordic   energy  
system   is   important   to   the   implementation  of   all   activities  within   the  Energy  Øresund  
Project,  as  for  instance  electricity  and  heat  price  fluctuations  eventually  would  influence  
the  incentives  to  most  future  energy  system  investments.  
  
•   The   comparison   of   large-­‐‑scale   energy   storage  methods   and   other   options   for   a   more  
flexible   energy   system   could   be   used   directly   as   a   basis   for   further   analysis   of   the  
potential   integration   of   these   elements   into   the   Øresund   regional   energy   system.  
  
  
2.4.2   Target   Group   B:   Decision  Makers   and   Project   Managers   within   the  
Energy  Sector  
  
The   thesis   focuses  on  necessary  or  potential   changes   in  energy   systems  as  progressively  more  
RE  is  introduced,  and  potential  options  for  improving  the  integration  of  energy  sources  such  as  
wind   power,   makes   it   relevant   to   several   stakeholders   in   and   outside   the   Øresund   Region.    
  
Within  the  Øresund  Region,  the  Energy  Øresund  Project  could  be  a  basis  for  communicating  the  
thesis  findings  as  a  part  of  the  findings  from  the  Energy  Øresund  Project.  A  broader  analysis  of  
the   future   challenges   of   the   Øresund   regional   energy   system,   but   also   of   the   potential   of   an  
extended   Danish-­‐‑Swedish   cooperation   could   be   highly   relevant   to   political   stakeholders   and  
civil  servants  in  the  Region.  On  the  municipal  level,  the  experiences  (successful  or  unsuccessful)  
gained   from   other   municipalities   could   be   used   for   a   more   coherent   transformation   of   the  
energy  systems,  as  well  as  for  developing  common  energy  research  projects  and  test-­‐‑facilities  for  
the  benefit  of  not  only  one  municipality,  but  of  several  municipalities,  in  the  Øresund  Region.  
      
Outside   the  Øresund  Region,   analyses   of   energy   systems   that   have   already   integrated   a   high  
share   of   RE   and   started   to   integrate   flexible   options   such   as   TES   could   be   relevant   to   most  
decision  makers  approaching  a  sustainable  transition  of  energy  systems.  Although  the  findings  
are  related  to  the  Øresund  regional  system  and  the  legal  frameworks  associated  therewith,  local  
factors   influencing   future   changes   in   the   Øresund   Region   might   also   highlight   factors   to   be  
aware  of  in  the  transition  of  external  energy  systems  –  pointing  both  at  factors  to  avoid  and  at  
developments  toward  which  we  should  aspire.  
    
The   Interreg   Secretary   (part-­‐‑financing   the  Energy  Øresund  Project)   has   suggested   sharing   the  
findings   of   this   thesis   with   stakeholders   in   the   Interreg   IVA   programme,   giving   the   thesis   a  
chance   to   reach  recipients  beyond   the   limits  of  my  own  contacts.  This   is  also  mainly  why   this  
thesis  is  written  in  English.  
  
3. Clarification of Concepts  
  
3.1 Overview of most important Concepts used 
3.2 The Concepts of Flexible Energy Systems and Flexible Options 
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3.1 Overview of most important Concepts used 
  
Counterbalance:  The   increased   introduction   of  weather-­‐‑dependent   RES   in   the   energy   system  
calls   for   options   to   counterbalance   the   fluctuations   caused   by   especially  wind   power.   As   the  
concept  is  used  in  this  context,  counterbalancing  has  two  sides:    
  
-­‐‑ It  can  be  an  up-­‐‑  or  downscaling  of  electricity  production  according  to  high  or  low  power  
prices.  The  integration  of  electrical  boilers  would  be  an  option  for  downscaling  as  they  use  
a  large  amount  of  electricity  to  create  heat,  while  large-­‐‑scale  TES  has  potential  for  both  up-­‐‑
and   downscaling   electricity   production   by   using   electricity   when   it   is   low   priced   and  
providing  heat  without  electricity,  when  the  power  prices  are  high.  
  
-­‐‑ Other  ways  to  counterbalance  the  fluctuations  of  especially  wind  power  would  be  to  use  
complementary  RES   as   for   instance   hydropower   or   solar   energy.   This   counterbalancing  
could  take  place  across  national  borders  as  it  does  in  the  Nord  Pool  Spot  Market.13  Also  an  
increased   interaction   between   energy   sectors   could   be   used   to   counterbalance   the  
fluctuating  RES,  as  for  instance  the  gas  sector,  the  heat  sector  and  the  transportation  sector  
could  be  activated,  when  needed,  if  the  right  type  of  communication  systems  are  in  place.  
This  thesis  focuses  at  TES  as  a  counterbalancing  option;  hereby  paying  special  attention  to  
an  integration  between  the  electricity  and  the  heat  sector.    
  
Energy  visions  and  strategies:  The  municipal,  regional  and  national  visions  and  strategies  with  
relevance  to  the  future  Øresund  Regional  energy  system,  which  can  be  expected  to  influence  the  
direction  of  development.  The  review  of  the  political  visions  affecting  the  Øresund  Region  and  
strategies  for  accomplishing  these  visions,  presented  in  Appendixes  C  and  D  has  initially  lead  to  
the   research   questions   of   how   these   changes   will   impact   the   region.   Moreover,   the   energy  
strategies  affecting   the  Øresund  Region  are  used   to  gain  a   realistic  perspective  of   the  political  
will  to  actually  invest  in  the  flexible  options  considered.    
  
As   a   broad   range   of   strategies   with   influence   on   the   Øresund   Region   exist,   only   the   official  
energy  strategies  have  been  chosen  for  the  review  presented  in  Appendixes  C  and  D.    
  
  
Energy  Øresund:  An  EU  part-­‐‑financed  project  focusing  at  strategic  energy  planning  within  the  
Øresund   Region   and   aiming   to   provide   recommendations   for   the   future   Øresund   regional  
energy  system.  The  Energy  Storage  Group  leads  one  activity  within  the  Energy  Øresund  Project,  
focusing  at   large-­‐‑scale  TES,  heat  pumps  and  disposal  of  organic  waste.  The  project  has  been  a  
source  of  inspiration  and  a  target  group  for  this  thesis  as  mentioned  above.  A  description  of  the  
Energy  Øresund  Project  is  found  in  Appendix  A.    
  
Flexible  energy  system:  An  energy  system  able   to   integrate  and  balance  an   increased  share  of  
                                                                                                 
13 Via the Nord Pool Spot Market wind power is counterbalanced by hydropower from Northern Sweden and Norway, as 
will be discussed in Analysis Part A.  
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fluctuating  renewable  energy,  especially  wind  power.  The  concept  of  flexible  energy  systems  is  
important  to  the  focus  of  this  thesis  and  will  be  discussed  in  the  following  section.    
  
Flexible  options:  In   this  context  defined  as   technical  or   framework  options   that  are  capable  of  
adjusting  the  energy  system  to  fluctuating  energy  sources  and  energy  prices.  An  overview  of  the  
flexible   options   considered   in   this   thesis  will   be   outlined   Section   3.2.4.   The   understanding   of  
functions   and   potential   combinations   of   flexible   options   is   essential   to   discuss   how   to  
counterbalance  the  fluctuations  of  especially  wind  power  on  a  short-­‐‑term  and  a  long-­‐‑term  basis  
(research  question  2),  and  will  be  considered  in  Analysis  Part  B.    
  
Large-­‐‑scale   TES:   Cover   thermal   energy   storage   solutions   that   are   able   to   store   energy   in  
connection  with  the  DH,  gas  or  electricity  system  –  contrary  consumer  based  storage  options.  As  
previously  mentioned,  storage  of  energy  sources  like  waste  and  biomass  will  not  be  considered  
nor   will   storage   of   energy   for   pure   electrical   purposes.   This   delimitation   will   be   further  
elaborated  in  Section  3.2.4.    
  
Long-­‐‑term   driving   forces:   The   notions   of   trends   and   long-­‐‑term   driving   forces   are   used   to  
indicate   the   course   of   events   and   decisions   taken   in   the   past   that   influence   the   present   and  
perhaps  also  the  future  energy  system.  Analysis  Part  A  of  long-­‐‑term  driving  forces  will  be  used  
as  the  basis  for  exploring  the  impacts  of  increased  wind  power  in  the  Øresund  regional  energy  
system.    
  
An   example   of   long-­‐‑term   driving   forces   is   the   de-­‐‑selection   of   nuclear   energy   in   DK   and   the  
contrary   selection   of   nuclear   energy   in   SE,   that   combined   with   Swedish   access   to   cheap  
electricity  from  hydropower  production,  has  impacted  the  different  approaches  to  e.g.  the  use  of  
electricity  for  heating  in  SE  and  DK.14  
  
Øresund   regional   energy   system:     A   common   energy   system   only   exists   in   the   sense,   that  
Denmark  and  Sweden  are  connected  through  the  Nord  Pool  Spot  Market.  As  will  be  clarified  in  
Analysis   Part  A,   the  Øresund  Region   belongs   to   the   same   bidding   area  with   roughly   similar  
power  prices,  but  Eastern  DK  and  Southern  SE  are  not  connected  in  terms  of  DH  systems  –  and  
especially  in  Southern  Sweden  the  DH  systems  are  also  only  partly  connected.15    
Thus   an   Øresund   regional   energy   system   refers   to   a   joint   electricity   system   with   several  
municipal  more  or  less  integrated  DH  systems.    
  
3.2  Concepts  of  RE  Visions,  Flexible  Energy  Systems  and  
Flexible  Options  
  
                                                                                                 
14 This example will be substantiated in Analysis Part A.  
15 For instance the DH systems of Lund Municipality and Malmø City are not connected, while in the Capital Region of 
Denmark the DH systems are connected – as will be elaborated in Analysis Part A.  
3.2.1 RE Visions for the Øresund Region 
3.2.2 Time Horizon for the Analysis 
3.2.3 Phases of RE Integration 
3.2.4 Large-scale Flexible Options  
3.2.5 TES as a Flexible Option 
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Special  clarifications  should  be  made  of  RE  visions,  flexible  energy  systems  and   flexible  options,  as  
they  are  key  concepts  in  this  thesis.  These  concepts  are  a  part  of  a  broader  understanding  of  the  
impact  of  the  introduction  of  RES  to  an  energy  system  that  is  still  primary  based  on  fossil  fuels,  
which  will  be  elaborated  in  Analysis  Part  A,  but  shortly  introduced  here.    
  
Also  the  potential  flexibility  of  TES  is  briefly  introduced  here.    
  
  
3.2.1  RE  Visions  for  the  Øresund  Region    
  
The   general   aspirations   for   the   total   energy   system   of   the   Øresund   Region   are   more   or   less  
cohesive  and  can  in  short  be  formulated  as:    
  
      The  achievement  of  a  fossil  free  energy  system  
  
  
However,  the  timeframe  of  the  conversion  to  RE  differs.  Merged  in  a  joint  timeline  the  general  
aspirations  of  DK/SE,  and  of  Copenhagen  Municipality,  Lund  Municipality  and  Malmø  City  are  
illustrated  in  Figure  1.  
  
  
 
  
  
  
  
  
  
  
  
The  vision  for  the  Danish  energy  system  is  to  have  a  fossil  free  heat  and  electricity  supply  by  the  
year  2035,  while  the  transport  sector  is  expected  to  be  free  of  fossil  fuels  by  the  year  2050.  By  the  
year  2020  the  Danish  Government  expects  40%  RE  in  the  Danish  energy  system  (S,  SF,  R,  2011).  
The   Danish   aspirations   for   a   fossil   free   future   have   become   more   ambitious   since   the   social  
democratic   leaded   government   took   power   in   September   2011,   and   it   exceeds   the   Danish  
obligations   to   the  EU  Commission  of  20%  RE  by   the  year  2020  and  a   fossil   free  society  by   the  
2035  
  
DK:  Fossil  free  oil  and  
heat  sectors  
2050  
  
DK:  100%  fossil-­‐‑  
free  energy  in  all  
sectors  
  
SE:  Sustainable  
energy  supply  
with  no  CO2  net  
emissions  
2030  
  
Malmø:  100%  RE  
SE:  100%  RE  in  
transport  
  
  
2020  
  
DK:  40%  RE    
SE:  50%  RE  of  total  
energy  consumption  
and  100%  RE  of  heat  
consumption  
Lund:  100%  fossil-­‐‑free  
energy  in  all  sectors  
2025  
  
Cph:  100%  CO2  
neutral  
Figure 1: Timeline of the aspirations of the future energy system in the Øresund Region. Percentages given of the 
total energy consumption. Own production based on Danish Government, 2011; Swedish Government, 2009; 
Malmø City, 2008; Lund Municipality, 2011; Copenhagen Municipality, 2009.  
  14  
year  205016  (EU-­‐‑Commission,  2009).    
  
In  Sweden  the  vision  is  to  have  “a  sustainable  and  resource  efficient  energy  supply  and  with  no  
net  emission  of  greenhouse  gases  into  the  atmosphere”  by  the  year  2050  (Swedish  Government,  
2010:3).  The  Swedish  energy  system  is  thus  not  visualised  to  be  fossil  free  by  the  year  2050,  but  
all   formulations   lead   towards   this  aspiration.  By   the  year  2020  RES  should  account   for  50%  of  
the   total   energy   consumption   –   an   ambition   1%   higher   than   the   obligatory   Swedish   target  
according  to  the  EU  Commission  (Swedish  Government,  2010:3;  EU  Commission,  2009).    
  
The   motivation   behind   the   national   visions   of   a   fossil   free   energy   system   are   mainly   1)   the  
international   obligations   to   reduce   CO2   emissions,   2)   the   rising   and   unstable   prices   on   fossil  
fuels,   3)   the   security  of   supply  by   reducing   the  dependency  on   import  and  4)   the  possibilities  
associated  with   green   growth   (Danish  Commission   on  Climate  Change   Policy,   2010;   Swedish  
Government,  2009a  &  2009b).    
      
The  municipalities  in  DK  and  SE  have  been  known  to  set  out  for  energy  mission  surpassing  the  
national  targets.  In  Malmø  City  the  ambition  is  to  achieve  a  100%  RE  based  consumption  already  
by  the  year  2030,  while  in  Copenhagen  the  ambition  is  to  achieve  a  CO2-­‐‑neutral  energy  sector  by  
the  year  2025  (Malmø  City,  2009;  Copenhagen  Municipality,  2009).    
  
The  difference  between  being  CO2-­‐‑neutral  and  fossil  free  is  that  in  a  CO2-­‐‑neutral  energy  system  
it  is  still  ‘allowed’  to  buy  electricity  from  the  European  electricity  market,  and  the  energy  system  
can  thus  not  be  expected  to  be  completely  fossil  free.  Copenhagen  Municipality  realized  that  this  
is  not  possible  within  a  short-­‐‑time  frame  (by  the  year  2025)  especially  as  phasing  out  fossil  fuels  
in  the  transportation  sector  is  a  major  issue  –  thus  a  vision  is  chosen,  that  entails  the  possibility  
of   replacing   fossil   fuels  with  e.g.  own  RE  production   in  order   to  be  CO2  neutral   (Christensen,  
Interview,  2011).  Although  Malmø  City  has  already  come  far  with  the  integration  of  RE  (biogas)  
in   the   transportation   sector   the   achievement   of   the  RE  visions,  will   also  depend  on   electricity  
supply   from  the  European  electricity  market,  and  the  visions  of  a   fossil   free  energy  system  by  
the  year  2030  might  be  too  ambitious,  especially  as  a  private  energy  company  (E.On)  owns  the  
DH  system  and  advocates   for  an  energy  production  based  on  natural  gas   (Norling,   Interview,  
2011).   The   vision   to   be   fossil   free   in   Lund   Municipality   already   by   the   year   2020   could   be  
realistic  within  the  heat  sector  as  the  municipal  heat  production  is  soon  to  be  based  on  100%  RE  
(Birkedal,   personal   conversation,   2011),   but   for   the   electricity   sector   this   transition   is   still  
uncertain.    
3.2.2  Time  Horizon  for  the  Analysis  
  
When  questioning  the  potential  impact  of  the  introduction  of  more  RES  to  the  Nordic  electricity  
market,   it   is   important   to   acknowledge   that   the   potential   impact   and   the   options   to  
counterbalance  this  impact  depends  on  which  time  perspective  is  taken.    
  
As  will  be  clarified  in  the  Methodology  Chapter  4,  this  thesis  builds  on  a  normative/explorative  
                                                                                                 
16 However, the vision draft ’Vores Energi’ presented by the current Danish Government has not been approved at the 
date of releasing this thesis.  
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approach   that   aims   at   highlighting   trends,   uncertainties   and   options   to   be   considered,   when  
making  decisions   for  a  more   flexible  Øresund  regional  energy  system.  For   this  purpose   it   is  a  
balance   of   setting   a   time-­‐‑horizon   for   the   analysis   that   embraces   the   visions   presented   above,  
while   also   presenting   ideas,   that   perhaps   transcends   the   elements   in   these   visions   of   future  
energy  systems  –  as  argued  by  Rasmussen,  focusing  at  the  development  of  scenario  analyses:    
“The  key   to   setting   the   time  horizon   is   that   it  must   stretch   the  outlook  of   the   [target]  group  beyond   its  
usual   thinking   about   activity   cycles,   but   it   should  not   extend   so   far   into   the   future   that   it   seems   to   be  
irrelevant  fiction”  (Rasmussen,  2011:104).  
Examples   of      ‘transcending’   ideas   in   this   thesis   could   be   TES   and   a   Danish-­‐‑Swedish  
collaboration   on   DH   systems;   options   that   are   not   highlighted   in   the   official   national   and  
municipal  strategies  affecting  the  Øresund  Region17,  but  are  still  highly  relevant  to  the  concept  
of  flexible  energy  systems.  The  time  horizon  for  such  ideas  depends  on  the  ‘extent’  of  impact  by  
other   changes  made   to   the   energy   system   –  mainly  when   the   power   prices   differs   enough   in  
periods  of  high  and   low  production  and   the  heat  prices  are  high  enough   to  give   incentive   for  
investments  in  these  options.    
The   visions   presented   above   indicate   that   changes   can   be   expected   to   take   place   already   in   a  
year   2020   perspective,   with   major   changes   to   occur   in   a   year   2020-­‐‑2035   perspective.   This  
observation  reflects   international  estimations  from  main  stakeholders  within  the  energy  sector,  
that   point   at  major   changes   in   the   energy   system   between   the   years   2020   and   2030,  with   the  
years  2010-­‐‑2020  as  a  period  of  transition,  where  we  will  see  the  foundations  of  the  future  energy  
system  laid18  (Accenture,  2010).  
    
Setting  a   longer   time  horizon   for   the  analysis   e.g.   till   the  year   2050  would  allow   to  plan   for   a  
completely  regional   fossil   free  energy  system19,   including  also   the   transportation  sector,  but  as  
the  major  changes  of  the  energy  system  is  expected  to  take  place  in  a  year  2020-­‐‑2030  perspective,  
and  as   the   focus  of   this   thesis   is  mainly  at   the   integration  of   the  heat  and  the  electricity  sector  
(where   TES   has   its   biggest   potential),   it   is   considered   to   be   sufficient  with   an   awareness   of   a  
fossil-­‐‑free  year  2050  perspective,  but  a  main  focus  on  year  -­‐‑2020  and  year  2020-­‐‑2035  perspectives.  
    
  
However,  these  time-­‐‑horizons  are  only  presented  as  rough  estimates,  as  the  relevance  of  ‘short-­‐‑
term’  and  ‘long-­‐‑term’  impacts  differs  according  to  actual  changes  made  to  the  Øresund  regional  
energy   system  –  and   these   changes  are  also   to  a  high  extent   seen  as  a  matter  of  political  will.  
This   impact-­‐‑dependent   use   of   time-­‐‑horizons   is   reflected   in   the   thesis’   exploratory   approach20,  
which  is  different  from  a  forecast  approach  as  it  finds  the  attempt  to  predict  the  future  irrelevant,  
but   rather   operates  with   different   possible   trends   of   development   –   that   could   have   different  
                                                                                                 
17 As will be reflected in Analysis Part B. 
18 The foresight conducted by Accenture is based on the Delphi method, in which leaders and academics from the energy 
sector have been asked to indicate their opinions on the future energy system, and subsequently to reflect on the answers 
of the other respondents and indicate their opinions once again.  
19 Although with extended electricity transmission systems in Europe, the fossil-free Øresund regional energy system 
would still dependent on whether RE transitions also take place in other European countries.  
20 As will be clarified in the Methodology Chapter 
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time  horizons.    
  
3.2.3  Phases  of  RES  Integration  
  
The   flexible   time-­‐‑horizons   presented   above   can   be   associated   with   three   general   phases   of  
gradual  RES  introduction  and  the  impact  of  this  introduction.    
  
Table  1   illustrates  these  three  phases  by  an  initial  phase  with  beginning  introduction  of  RES,  a  
mid-­‐‑term  phase  with  large-­‐‑scale  integration  of  RES  and  a  phase,  where  RES  have  fully  replaced  
fossil  fuels.21  
 
 
 RE introduction 
phase 
 
 
Large-scale RE integration 
phase 
 
 
 RE based energy system phase 
 
Only marginal 
proportions of RE in 
the existing energy 
system. 
 
Only small daily and 
yearly variations in the 
response from the total 
energy system to the 
fluctuations of RES.   
 
More RE is added to a system 
which already has a large 
share of RE. 
 
The responses of the total 
energy system will vary in 
terms of fluctuating power 
prices according to the extent 
of RE production and the 
energy demand. 
The energy system has been or is close to being 
totally based on RE.  
New investments in RE tech are compared not 
to nuclear or fossil fuel, but to other types of 
RE technologies and the synergies of 
combining those. The response of the energy 
system is complex and dependent on the 
options implemented to increase the flexibility 
of the energy system.   
Table 1: Phases of the implementation of RE. The green frame highlights the present phase of the Øresund regional 
energy system. Own model based on Lund, 2010:53 and on own observations from Analysis Part A.   
  
As  will  be  clarified  in  Analysis  Part  A,  the  Øresund  Region  is  beyond  the  initial  RE  introduction  
phase  and  already  in  a  large-­‐‑scale  RE  integration  phase.    
  
The  main   challenges   in   the   large-­‐‑scale   integration   phase   of   RE   compared   to   the   introduction  
phase   are   associated  with   the  varying   responses   from   the   energy   system   to   the   input   of  RE  –  
often  mentioned  to  be  caused  by  especially  the  fluctuating  wind  power  (Lund,  2010:53).    
  
  
The  responses  of  the  energy  system  could  be  in  terms  of  short-­‐‑term  fluctuations  in  energy  prices  
during  24  hours  or  a  week  due  to  the  increase  and  decrease  in  wind  power  production  and  in  
electricity  demand.  But  they  could  also  be  seasonal  according  to  the  design  of  the  energy  system;  
examples   hereof   will   be   given   later.   How   the   Øresund   regional   energy   system   responds   to  
especially  the  increased  share  of  wind  power  will  be  studied  in  Analysis  Part  A.      
  
A   great   part   of   the   fluctuations   of   wind   power   production   can   be   counterbalanced   by   a   co-­‐‑
                                                                                                 
21 RES in this context mainly refers to fluctuating renewable energy sources, primary wind power, but also hydropower 
and solar power.  
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operation   with   neighbouring   countries,   but   as   will   be   considered   in   Analysis   Part   A,   the  
simultaneity   of  wind   power   in   the  Nordic   countries   and   the   occasionally   dry   and   cold   years  
affecting   the  hydropower  production   in  Norway  and  Sweden  challenges   the  perfect  electricity  
exchange.    
  
Thus   the   notion   of      ‘flexible   energy   systems’   becomes   relevant,   when  wind   power   reaches   a  
share,  where  it  combined  with  inexpensive  hydropower22  affects  not  only  the  ineffective  power  
production,  but  also  the  more  efficient  power/CHP  production.  
  
3.2.4  Large-­‐‑scale  Flexible  Options    
  
A   number   of   flexible   options   to   support   the   integration   of   a   higher   share   of   especially  wind  
power  in  the  Øresund  regional  energy  system  will  be  analysed  in  Analysis  Part  B.    
  
As  mentioned  in  the  delimitation,  this  thesis  focuses  at  large-­‐‑scale  flexible  options  and  especially  
on  the  integration  of  TES,  while  domestic  options  such  as  electrical  cars,  individual  heat  pumps  
etc.   are   seen   as   important   to   create   hourly   or   daily   flexibility   in   an   energy   system  with  more  
fluctuating   energy   sources,   but   will   only   be   included   briefly   in   this   analysis.   The   reason   for  
focusing  at  large-­‐‑scale  options  to  provide  flexibility  to  the  energy  system  should  be  seen  in  the  
light   of   the   time-­‐‑horizon   for   the   analysis   as   presented   in   Section   3.2.2.  While   smaller   flexible  
options  already  are  increasingly  being  used  in  the  Øresund  Region23,  large-­‐‑scale  DH  connected  
flexible   options   such   as   TES   has   presently   been   limited   to   a   number   of   tanks   installed   in  
conjunction  with  CHP  facilities.24    
  
The  focus  on  flexible  options  in  this  thesis  includes  (in  prioritised  order):    
  
1) TES  –  large-­‐‑scale  thermal  energy  storage.  The  general  potentials  and  types  reviewed  will  
be  clarified  in  the  following  section.  Electricity  and  gas  storage  are  included  in  the  
analysis  as  other  options  for  flexibility  via  energy  storage.    
  
2) Complementary  RES  –  the  increase  of  renewable  energy  sources  to  counterbalance  the  
fluctuations  of  wind  and  hydropower;  for  instance  solar  energy,  geothermal  energy,  
biogas  etc.  
  
3) Large-­‐‑scale  electricity  to  heat  –  by  using  for  instance  large-­‐‑scale  heat  pumps  and  electrical  
boilers  to  create  an  enhanced  interaction  between  the  electricity  and  the  heat  sector.    
  
4) Flexibility  through  transmission  systems  -­‐‑  extension  of  electrical  and  DH  systems  to  
enhance  the  potentials  for  flexibility  associated  with  import/export.  
  
                                                                                                 
22 Hydropower already covers more than half of the electricity traded at the Nord Pool Spot Market, as will be reflected in 
Analysis Part A.   
23 Such as small-scale heat pumps, as will be clarified later.  
24 These tanks are only to a minor extent used according to the power prices today.  
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5) Dynamic  market  options  for  a  more  flexible  energy  system  –such  as  Intelligent  Energy  
Systems,  Smart  Grid  Systems  and  flexible  power  tariffs.  
  
6) Consumer  options  for  flexibility  –  such  as  small-­‐‑scale  heat  pumps,  electrical  boilers  and  
electrical  cars.    
  
  
This  prioritisation  does  not  reflect  the  actual  potential  of  the  options  presented,  but  merely  the  
focus  of  this  thesis.  Dynamic  market  options  for  a  more  flexible  energy  system  are  seen  as  basic  
instruments   upon   which   the   other   flexible   options   are   integrated.   Without   for   instance   an  
Intelligent   Energy   System   to   activate   the   electricity   consumption   or   make   use   of   the   energy  
storages,  when  the  power  prices  are  low,  most  large-­‐‑scale  flexible  options  would  be  useless.    
  
3.2.5  TES  as  a  Flexible  Option  
  
Energy  storage  was  mentioned  as  one  of  the  options  with  the  potential  to  enhance  the  flexibility  
of  the  energy  system.  As  energy  storage,  and  especially  thermal  energy  storage  (TES),  is  given  a  
special  focus  in  this  thesis,  a  short  introduction  to  the  concept  will  be  given  here.  
  
In   general   energy   storage   has   the   potential   to   “…provide   energy   when   it   is   needed,   just   as  
transmission  provides  energy  where  it  is  needed”  (Gyuk,  2008).    
  
In  an  Øresund  Regional  context  this  quality  could  be  important  in  order  to:    
  
- Optimize  reliability  of  the  power  supply  by  storing  energy,  when  the  power  price  is  low,  
to  be  used  during  periods,  when  the  power  price  is  high.    
  
- This  postponement  in  energy  production  may  reduce  energy  price  fluctuations  by  making  
use  of  electricity  when  plenty  and  inexpensive,  and  releasing  it  in  shape  of  heat  or  power  
when  needed.  
  
- For   the   same   reason,   large-­‐‑scale   energy   storages   could   be   an   alternative   to   peak-­‐‑load  
energy  facilities  that  are  often  costly  and  based  on  fossil  fuels.  
  
- This   compensation   could   lead   to   network   savings   as   an   over   dimensioning   of   the  
production   and   transmission   capacity   in   order   to   supply   peaks   in   demand   could   be  
avoided  (Ibrahim  et  al.,  2007).25  
    
For  these  reasons  TES  could  also  support  the  integration  of  RES26  and  phase  out  fossil  fuels  –  in  
                                                                                                 
25 The potential of energy storage to be an alternative to peak-load energy facilities and to over-dimensioned production and 
transmission capacity off course depends on the relative costs of these options versus the costs of energy storage. It is not 
within the limits of this thesis to compare the feasibility of these options, but the interdependency between higher priced 
peak-load production and the potential of energy storage will be elaborated in Part B of the Analysis.  
26 Not only wind power, but also less fluctuating RES as geothermal energy, which will be clarified in Analysis Part B.  
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combination  with  other  flexible  options  as  mentioned  in  the  previous  section.    
  
Why  the  focus  here  is  at  TES  will  be  clarified  in  the  following  analysis,  which  mainly  highlights  
that:    
  
• The  high  share  of  CHP  production   in   the  Øresund  Region  has  already  created   the  bond  
between  the  electricity  and  heat  sector,  which  could  be  supported  by  an  extended  use  of  
TES  in  conjunction  with  CHP  plants.  
  
• The  already  expanded  use  of  DH  in  the  Øresund  Region  does,  besides  making  up  a  heat  
transmission   system   that   TES   facilities   could  make   use   of,   also   constitutes   a   storage   in  
itself,  that  TES  facilities  could  be  linked  to  and  thereby  enlarge.  In  DK  it  is  estimated  that  
the  DH  system  itself  could  provide  a  heat  storage  approximating  300-­‐‑500  GWh,  equalling  
some   days   with   high   wind   production.   With   an   increase   in   DH-­‐‑connected   seasonal  
thermal   energy   storage   facilities,   the   DH   system   has   an   expected   storage   potential  
equalling   10%   of   the   present   Danish   yearly   demand   for   heating   (Energinet.dk,  
2011c:24/33).    
  
• Large-­‐‑scale  electricity  storage  is  still  very  expensive  compared  to  TES,  which  could  be  
provided  by  simple  facilities  as  pits  and  tanks.    
  
• TES  is  already  in  use  many  places  in  the  Øresund  Region  and  thus  experiences  are  gained  
that  could  benefit  a  large-­‐‑scale  integration  of  TES.  
  
However,   also   gas   storage  was   found   to   have   a   potential   in   terms   of   counterbalancing  wind  
power  fluctuations,  and  will  thus  also  be  discussed  Analysis  Part  B.      
  
The  energy  storage  options,  which  will  be  reviewed,  are:    
  
Primary   different   types   of  Thermal   Energy  Storage:  Tank   TES,   BTES,  ATES   and   PTES.    
But  for  comparison  also  Electricity  storage  and  Gas  storage  
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4. Methodology  
  
  
This   thesis   is   based   on   a   normative   and   exploratory   approach   and   the   methods   applied   are  
inspired  by  Trendmapping  and  Backcasting.  For  data  collection,  systematic  reviews  of  literature,  
strategies   and   visions   relevant   to   the  Øresund  Region   and   to   a   future   flexible   energy   system  
have  constituted  the  basis  of  the  analytic  chapters  and  have  been  elaborated  by  in-­‐‑depth  semi-­‐‑
structured  interviews  and  personal  conversations  with  relevant  stakeholders.  
  
4.1  Initial  Exploratory  Research  
  
  
In  order  to  understand  the  challenges  associated  with  the  integration  of  renewable  energy  and  
to  define  a  focus  within  this  transformation  of  the  energy  system,  an  initial  exploratory  research  
was  undertaken.  The  aim  of  this  research  was  moreover  to  select  a  thesis  topic  and  an  analytical  
framework  for  the  thesis.    
  
4.1.1  Initial  Explorative  Research:  Selection  of  Thesis  Topic    
  
Chapter  2  and  3  revealed  many  of  the  aspects  considered  in  association  with  the  selection  of  the  
thesis   topic   as   a   part   of   the   initial   exploratory   research.   For   instance   the   previous   chapters  
contained  discussions  of  the  relevance  of  a  focus  on:    
  
The  impact  of  wind  power  (contrary  the  impact  of  other  changes  in  the  energy  system)  
The  Øresund  Region  (contrary  a  national  or  international  focus)  
Large-­‐‑scale  flexible  options  (contrary  domestic  flexible  options)  
TES  (compared  to  storage  of  electricity  and  gas)    
  
The   previous   chapters   also   explained   how   the   thesis   topic   and   analysis   is   inspired,   but   yet  
delimited   from   the   Energy   Øresund   project,   and   they   gave   a   brief   overview   of   the   flexible  
options  reviewed  in  the  process  of  selecting  the  thesis  topic.    
  
4.1 Initial Exploratory Research 
4.2 Analytical Approach and Methods applied 
4.3 Primary Data Collection: Interviews 
4.4 Secondary Data Collection: Selection of Literature and use of Existing Energy Strategies and 
Prognoses 
 
4.1.1 Selection of Thesis Topic  
4.1.2 Selection of Analytical Framework 
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The  process  of  this  selection  of  a  thesis  topic  has  been  characterized  by  initial  research  such  as:    
  
- Participation   in  meetings  within   the   Energy  Øresund   Project   including   discussion   of   the  
energy  system  challenges  that  the  partners  experience  as  municipal  planners,  consultants  of  
heat  companies  etc.  -­‐‑  in  short  terms;  real  life  experiences  associated  with  the  transformation  
of  the  energy  system  in  the  Øresund  Region.  
  
- This   knowledge   was   broadened   by   interviews   with   selected   stakeholders   (a   full   list   of  
interviewees  and  their  explicit  purpose  is  found  in  Appendix  B)  and  supplied  by  literature  
review  (the  selection  of  literature  is  discussed  in  Section  4.4).  
  
  
This   exploration   revealed   a   number   of   challenges   of   the   present   energy   system,   visions   to  
integrate  more  RE,  barriers   to   this   integration  and   suggestions   to  overcome   the  barriers,  which  
are  integrated  in  Analysis  Part  A.      
  
4.1.2  Initial  Explorative  Research:  Selection  of  Analytical  Framework  
  
The   initial   explorative   research   especially   indicated   four   focal   areas   for   which   analytical  
frameworks  could  prove  useful:  
  
1. To  understand  the  driving  forces27  of  the  energy  systems  in  the  Øresund  Region  and  how  they  may  
affect  the  potential  future  energy  system.  
  
2. To  analyse  the  potential  impact  of  the  increased  share  of  wind  power  in  light  of  the  driving  forces  
affecting  in  the  existing  energy  system.  
  
3. To   discuss   and   evaluate   the   importance   of   different   flexible   options   including   TES   in   a  
counterbalancing  of  the  increased  share  of  wind  power.  
  
4. To  discuss   the   trends   found  and   the  potentials  of   addressing   the   flexible  options  on  an  Øresund  
Regional  basis:  Could  there  be  a  potential  for  knowledge  sharing  and  co-­‐‑operation  on  the  steps  to  
be  taken  to  integrate  these  options?  
  
Focal   areas   1-­‐‑3   can   be   perceived   as   a   coherent   process   of   identifying   how   long-­‐‑term   driving  
forces  and  visions  of  energy  systems  influence  the  future  needs  of  energy  storage  in  the  Øresund  
Region  –  directly  related  to  the  Project  Design  presented  in  Section  1.3.    
  
Focal  area  4   is  a  reflection  of   the  potential  synergies  of  a  Øresund  Regional  cooperation   in   the  
light  of  these  previous  findings,  but  also  a  discussion  of  some  of  the  trends  found  in  the  first  part  
of   the  analysis  –   for   instance   the  pros  and  cons  a  high   share  of  CHP  production   in   the   future  
Øresund  regional  energy  system.    
  
                                                                                                 
27  A clarification of ‘driving forces’ was given in the previous chapters.  
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The  initial  explorative  research  of  an  analytical  framework  for  the  thesis  topic  included  reviews  
of:  
- the  methods  relevant  to  approach  the  focal  areas  presented  above  
- the  methods  used  by  the  Swedish  and  the  Danish  Energy  Authorities  
  
The  outcome  of  this  review  will  be  presented  in  the  following.    
  
4.2 Analytical Approach and Methods applied 
  
  
  
4.2.1  Methods  for  analysing  long-­‐‑term  Developments  of  Energy  Systems  
  
Many  methods  have  been  developed   for   the  purpose  of   analysing   long-­‐‑term  developments  of  
energy   systems.   Some   of   the   main   methods   in   use   today   are   Forecasting,   Technology   Road  
Mapping   and   Scenario  Analysis  with   Trendmapping   and  Backcasting.   These  methods  will   be  
reviewed  in  the  following  in  order  to  indicate  the  analytical  inspiration  for  this  thesis.    
  
In  a  simplified  version  the  scope  and  process  of  these  methods  can  be  outlined  as  illustrated  in  
Table  2:28  
  
                                                                                                 
28 All methods have been applied in many different ways and Table 2 solely outlines simplified scopes and processes of 
the methods in order to highlight the differences and in order to identify relevant method element to be used in this thesis. 
4.2.1 Methods for analysing long-term Development of Energy Systems 
4.2.2 Selection of Thesis analytical Approach and Methods 
4.2.3 Swedish and Danish use of Methods for long-term Energy Development Planning  
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Table 2: Methods for analysing long-term developments of energy systems. Own model based on a review of (JRC, 
European Commission, 2011;Rasmussen, 2011;Acceleration Studies Foundation, 2011;Danish Energy Agency, 2011h). 
  
As   already   indicated   by   this   simplified   review,   the   methods   presented   are   used   in   many  
different  versions  –  and  for  many  different  purposes:    
  
Forecasting   is   e.g.   used   by   the   Danish   Energy   Agency,   estimating   the   energy   demand   and   -­‐‑
production,  the  emission  of  greenhouse  gasses  from  the  energy  sector  and  the  power  price  at  the  
Nordic  electricity  market  etc.  (Danish  Energy  Agency,  2011h).    
  
Technology  Road  Mapping  is  for  instance  used  by  the  International  Energy  Agency  in  order  to  
identify   barriers,   opportunities   and  measures   for   amongst   others   policy  makers   to   accelerate  
development  and  uptake  of  new  (clean)  technologies  and  reduce  carbon  emissions  (IEA,  2011).    
  
Scenario  Analysis  with  Trendmapping  and  Backcasting  has  been  used  in  the  private  sector;  for  
instance   Shell'ʹs   scenario   planning   enabled   it   to   anticipate   the   rise   and   subsequent   fall   of   oil  
process  in  1973  (JRC,  European  Commission,  2011).  Scenario  Analysis  with  Backcasting  has  also  
been  widely  used  as  a  method  for  strategic  planning  for  sustainability  in  Scandinavian  research  
(Holmberg,  1998).29  The  method  is  also  used  in  public  planning  in  Denmark  and  Sweden,  as  will  
be  discussed  in  Section  4.2.3.  
  
As  the  methods  have  a  common  focus  on  future  developments  they  are  also  in  many  cases  used  
simultaneously.   For   instance   IEA   uses   Scenario   Analysis/Backcasting   to   outline   the   potential  
                                                                                                 
29 More recently, Scenario Analysis has been used to identify and analyse relationships between main driving forces of 
world energy supply and demand making use of already conducted energy scenarios by the International Energy Agency 
(Nezhad, 2009).  
METHOD Focusing at.. ..by making use of.. ..in order to .. 
FORECASTING 
 
..plausible future 
developments 
(descriptive approach) 
..calculations based on 
assumptions of e.g. the costs and 
efficiency developments of 
technologies, expected 
economical growth etc. Could 
make use of time series, cross-
sectional or longitude data.  
  ..make statements   
on events whose 
actual outcomes 
have often not yet 
been observed 
TECHNOLOGY 
ROAD 
MAPPING 
.. desirable future 
requirements/needs 
(normative approach) 
..or present situation 
(exploratory approach) 
..mapping the assumed 
development of tech. back to the 
present 
..or following the technology 
tracks from the present whether 
they are desirable or not 
  ..outline 
technology   
drivers, 
technology 
recommendations  
SCENARIO 
ANALYSIS 
WITH TREND 
MAPPING AND 
BACKCASTING 
..1) Scenario Analysis: 
Visualising desirable future 
scenarios 
(exploratory/normative 
approach) 
..2) Trendmapping: Prioritizing 
the driving forces according to 
future uncertainty and 
importance to the focal issue  
3) Backcasting: Drawing lines 
backwards to identify actions that 
can connect the future to the 
present  
 ..develop future 
vision, solutions 
and action plans 
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environmental  and  resource  constraints  in  a  year  2100  perspective,  and  they  subsequently  apply  
Technology  Roadmapping  to  show  required  technologies  to  meet  the  future  needs  and  technical  
targets  on  a  time  axis  (IEA,  2006).    
  
From   Table   2   it   should   be   highlighted   that   the   main   difference   between   Forecasting   and  
Scenario  methods  is  that  forecasts  typically  is  used  predictive/descriptive  in  the  sense  that  they  
outline  expected  developmental  patterns  from  estimates  based  on  the  present  situation,  whereas  
Scenario  methods  typically  build  on  more  normative  approaches  with  desirable  developmental  
patterns.30  The  Scenario  Analysis  method  could  also  have  an  exploratory  approach  (in  addition  
to   the   normative   approach)   if   different   futures   are   sought   outlined   in   order   to   point   at  
advantages  and  disadvantages  of  striving  towards  one  future  or  another.    
  
The  reason  for  considering  the  method  of  Scenario  Analysis  in  combination  with  Trendmapping  
and  Backcasting  is  that  scenarios  of  for  instance  future  energy  systems  should  be  based  on  long-­‐‑
term  driving  forces    (Trendmapping)  in  order  to  be  robust  in  a  future  perspective.  Moreover  the  
scenarios   should   be   related   to   the   present   energy   system   in   order   to   point   at   e.g.   potential  
political  changes  that  could  support  the  desired  development  of  the  energy  system  (Backcasting)  
(Rasmussen,  2011:101/108/135).    
  
The  main  differences  between  predictive  and  exploratory/normative  approaches  are  illustrated  
in  Figure  2.  
  
  
                                                                                                 
30 Also scenario methods that develop so-called ’dark scenarios’ are found. These are aiming at presenting visions of the 
future that we do NOT want to see realized. These methods can be placed in the field of risk analysis and assessments, as 
they basically consists of an identification of the threads and vulnerability to the successful outcome, indicating which 
precautions should be taken (Punie et Al., 2006: 2-4).  
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Figure 2: Methods for analysing the long-term development of an energy system. Reshaped 
model based on Nielsen and Karlsson, 2007 in Söderholm et Al., 2009:11. 
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The   risk   of   using   forecast   approaches   based   on   present   development   patterns   could   be   to  
overlook   the   importance   of   changes   in   for   instance   political   priorities   or   external   influences   –  
such   as   the   effects   of   a   restrictive   follow-­‐‑up   on   the   Kyoto   Protocol.   The   exploratory   scenario  
approaches  cannot  predict  the  potential  influence  of  external  events  either,  but  as  they  consider  
several  scenarios,  they  have  the  advantage  to  go  beyond  the  present  development  and  imagine  
scenarios  that  are  not  obvious  consequences  of  the  present  development.    
  
However,   these  normative  approaches  also  have  some  pitfalls,   the  main  being  not  considering  
the  barriers  to  reach  the  desirable  scenarios  or  remaining  ‘fluffy’  idealistic  visions  of  the  future  –  
as  presently  seen  in  some  municipal,  regional  and  national  visions  for  the  future  energy  system.  
Combining   Scenario  Analysis  with   Trendmapping   and  Backcasting,   as   previously  mentioned,  
could   counteract   this   potential   pitfall   by   for   instance  making   use   of   a   plausibility   concept   in  
order   to   indicate   that   the   suggested  actions   could   take  place   (it   is  possible),  demonstrate  how  
they   could   take   place   (it   is   credible)   and   illustrate   their   implications   for   the   focal   point   (it   is  
relevant)  (Fahey  &  Randall,  1998:7-­‐‑9).  
    
4.2.2  Selection  of  Thesis’  analytical  Approach  and  Methods  
  
So   which   elements   from   the   methods   presented   above   would   be   relevant   to   include   in   the  
analysis   of   this   thesis   topic?   As   a   part   of   the   initial   exploration   presented   in   Section   4.1,   a  
number  of  focal  issues  were  highlighted  based  on  the  thesis  objective  and  the  research  questions.  
These  focal  issues  could  call  for  elements  of  all  four  methods  reviewed  in  the  previous.  However,  
as   the   main   objective   of   this   thesis   is   to   provide   suggestions   for   flexible   options   and   policy  
changes,  that  could  be  basis  for  a  debate  of  the  decisions-­‐‑making  for  the  future  energy  system,  
an   exploratory   and   normative   approach   is   chosen   rather   than   a   ‘predictive’   approach.31  The  
normative  approach  primary  refers   to   the  existing  visions  of  a   fossil-­‐‑free  energy  system  as   the  
underlying  basis  of  the  research  questions,  while  the  exploratory  approach  mainly  refers  to  the  
search   for   several   options   to   support   the   visions   of   fossil-­‐‑free   energy   systems   as   presented   in  
Section  3.2.1.  
  
The  focal  issues  presented  in  Section  4.1.2  could  methodologically  be  divided  into  two  parts:    
  
Analysis  Part  A:    
  
1) To  understand  the  driving  forces  of  Øresund  regional  energy  system  and  how  they  may  affect   the  
potential  future  energy  system  
  
2) To   analyse   the   potential   impact   of   increased  wind   power   in   the   light   of   the   driving   forces   of   the  
existing  energy  system  
  
Analysis  Part  B  +  Discussion:  
                                                                                                 
31 Referring to the terms used in Figure 2. 
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3) To   consider   the   importance   of   different   flexible   options   including   TES   in   counterbalancing   the  
impacts  of  the  increased  share  of  wind  power  
  
4) To   discuss   the   potentials   of   addressing   the   flexible   options   on   an  Øresund   Regional   basis:   Could  
there  be  a  potential  in  cooperating  on  the  steps  to  be  taken  to  integrate  these  options?  
  
Analysis   Part   A   calls   for   an   analysis   of   the   potential   impacts   that   can   be   expected   from   the  
increased  share  of  wind  power  in  the  light  of  the  driving  forces  already  found  in  the  Øresund  
regional   energy   system   –   are   they   impacts   that   can   be   controlled   by   current   structures   and  
policies?  Or  are  changes  necessary/  advantageous?    
  
Although   elements   from   existing   energy   prognoses   are   included,   Analysis   Part   A   has   the  
character  of   ‘Trendmapping’   the  driving  forces   to  be  considered,  when  analysing  the  potential  
impacts  of  increased  wind  power.  Trendmapping  can  be  used  as  a  part  of  the  Scenario  Analysis,  
presented  in  the  previous  section,  but  in  this  context  it  will  serve  as  a  method  for  identifying  and  
understanding  the  interrelationships  between  the  driving  forces  that  could  influence  the  impact  
of   wind   power   in   the   Nordic   and   the   Øresund   regional   energy   system.   ‘Long-­‐‑term   Driving  
forces’   have   previously   been   defined   as   the   course   of   events   and   decisions   taken   in   the   past   that  
influence  the  present  and  perhaps  also  the  future  energy  system.  The  Long-­‐‑term  driving  forces  of  the  
Øresund  regional  energy  system  will  be  ‘mapped’  by  considering:  
  
- the  initial  development  of  the  energy  systems  in  Denmark  and  Sweden  
- the  political  priorities  of  energy  sources  in  Denmark  and  Sweden  
- the  energy  production  methods  in  Denmark  and  Sweden  
- the  distribution  of  heat  and  organisation  of  the  heat  sector  in  Denmark  and  Sweden  
- the  use  of  electricity  for  heating  and  cooling  in  Denmark  and  Sweden  
- the  recent  decisions  potentially  influencing  the  Danish  and  Swedish  energy  systems  
  
The  relevance  of  these  trends  in  an  Øresund  regional  context  will  subsequently  be  considered.  
The  findings  from  this  trendmapping  are  used  to  deepen  the  conclusions  of  Analysis  Part  A,  as  
the  following  analysis  of  wind  power  impacts  to  the  Nordic  electricity  market  is  related  to  these  
Øresund  regional  trends.  The  Trendmapping  thus  has  the  benefits  of  strengthening  the  Øresund  
regional  perspective  in  the  Thesis  analysis,  and  of  deepening  the  understanding  of  the  impact  of  
wind  power  by  including  driving  forces  that  should  be  considered,  when  making  choices  for  a  
future  flexible  energy  system  in  the  Øresund  Region.    
  
Analysis  Part  B   follows   up   by   evaluating   the   potential   flexible   options   to   counterbalance   the  
impacts   found   in   Analysis   Part   A   on   a   short-­‐‑term   and   a   long-­‐‑term   basis.   Are   the   options  
plausible?32  Are  they  recommendable?  The  explorative  search  for  flexible  options  is  based  on  the  
normative  visions  of  fossil-­‐‑free  energy  systems.  Analysis  Part  B  is  therefore  concerned  with  the    
‘gap’  between  the  present  and  near-­‐‑future  challenges  of  integrating  especially  fluctuating  energy  
sources  in  the  Øresund  regional  energy  system  and  the  options  to  move  from  this  stage  to  the  
                                                                                                 
32 See the thesis’ understanding of ’plausible’ in Section 4.2.1. 
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fossil-­‐‑free   energy   system.   For   this   purpose   Analysis   Part   B   is   inspired   by   Backcasting.  
Backcasting   is   the  process  of  moving  back  and  forth  between  the  visions  of   the  future  and  the  
present   stage,  while   exploring   different   options   and   their   implications   (Rasmussen,   2011:128).  
Analysis  Part  B  does  not  undertake  a  full  Backcasting  analysis  as  this  would  typically  entail  the  
development  of  detailed   sequences  of   change  moving   from   future   to   the  present,   and  besides  
the  identification  of  technical  and  political  options  to  mend  the  gap  between  the  future  and  the  
present,   also   the   constraints   to   the   options   and   an   identification   of   the   stakeholders   to  
implement   the   recommended   changes   should   be   included   (Rasmussen,   2011:128).   In  Analysis  
Part  B  the  inspiration  from  Backcasting  will  be  used  in  the  consideration  of  the  potentials  of  TES  
options,   large-­‐‑scale   heat   pumps   etc.   according   to   a   long-­‐‑term   perspective   and   a   shorter-­‐‑term  
perspective.33  Analysis   Part   B   evaluates   a   number   of   technical   flexible   options   and   the   legal  
frameworks   influencing   these   technical   options34  and   considers   the   flexibility   potential   and  
constraints35  associated  with   the  utilisation  of   these  options   in   the   future  energy   system  of   the  
Øresund   Region.   Moreover   the   potentials   of   Øresund   regional   co-­‐‑operations   on   the   steps   to  
integrate  these  options  are  discussed  in  Section  12.2.  
  
The   plausibility36  of   the   flexible   options   considered   in   Analysis   Part   B   is   enhanced   by   being  
related  to  the  findings  based  on  the  Trendmapping  in  Analysis  Part  A,  as   the  potential   for   the  
flexible  options  is  considered  in  the  light  of  the  long-­‐‑term  driving  forces  of  the  Øresund  Region.    
  
One  example  of  the  interrelated  use  of  Trendmapping  and  Backcasting  is  the  Danish  taxation  of  
heat  pumps  by  their  energy  output.  This  taxation  can  be  seen  as  a  result  from  a  long  ‘trend’  of  
avoiding   expensive   electricity   for   heating   and   supporting  CHP   production   on   the   expense   of  
other  heat  production.  However,  from  a  Backcasting  perspective,  the  Øresund  regional  visions  
of   future   fossil   free   energy   system37  might   give   incentive   to   change   this   taxation   as   the  use  of  
heat  pumps  might  be  enhanced  with  the  planned  increase  in  wind  power.  Suggestions  for  how  
to  support  the  use  of  heat  pumps,  while  sustaining  the  CHP  production  are  discussed.    
  
With  inspiration  from  Trendmapping  and  Backcasting  the  potential  impact  of  wind  power  and  
the   flexible  options   to  counterbalance   this   impact  are  considered   in  order  to  help  stakeholders  
reflect   more   deeply   about   trends,   uncertainties   and   options   before   decisions   are   made  
concerning  the  future  Øresund  regional  energy  system.  
  
     
                                                                                                 
33 These perspectives are related to the phases of RE integration; as clarified in continuation of Table 1, the Øresund Region 
can presently be placed in a large-scale RE integration phase moving towards a total RE based energy system.  
34 The technical options and the framework options supporting these have previously been outlined in Section 3.2.4. 
35 Mostly referred to as uncertainties.  
36 See the thesis’ understanding of ’plausible’ in Section 4.2.1. The plausibility concept is used to specify four criteria to 
structure the evaluation of the flexible options considered, as will be clarified in Section 9.1.   
37 Referring to the political visions presented in Section 3.2 and clarified in Appendix C and D.  
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Figure   3   is   a   refinement   of   the   Project   Design   presented   in   Section   1.3   and   illustrates   the  
interrelationship  between  the  two  research  questions  presented  in  Section  1.2  and  the  inspiration  
gained  from  Trendmapping  and  Backcasting38  respectively.    
  
  
  
 
 
  
Figure 3: The interrelationship between the Thesis’ methods and the research questions. Source: Own model based on 
the Project Design in Section 1.3.  
    
  
Reflections   on   the   normative/explorative   approach   taken   and   the   inspiration   from  
Trendmapping  and  Backcasting  in  this  thesis  will  be  given  as  final  remarks  in  Chapter  14.    
  
4.2.3  Swedish  and  Danish  use  of  Methods  for  long-­‐‑term  Energy  
Development  Planning    
  
One   interesting  observation   from   the   initial   exploratory   review  of  methods   is   the   tendency   to  
use   forecast/predictive   methods   among   the   Swedish   and   Danish   Energy   Authorities.   As  
mentioned   above,   both   Denmark   and   Sweden   make   use   of   predictive   as   well   as   normative  
approaches  in  applied  research  and  for  national  decision-­‐‑making.  However,  when  reviewing  the  
national  visions  for  the  future  energy  system,  they  tend  to  be  driven  by  a  predictive  approach  –  
or  alternatively  a  normative  approach  without  Trendmapping  and  Backcasting.    
                                                                                                 
38 Although Backcasting in Figure 3 is illustrated as a movement from the present to the future visions, it should be perceived 
as a method moving back and forth between the visions of the future and the present stage, as described in the previously.  
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On   the   Swedish   side,   this   finding   is   supported   by   an   analysis   conducted   at   Luleå   Technical  
University   in   cooperation   with   the   Swedish   Energy   Agency,   concluding   that   the   Authority  
mostly  uses  predictive   analyses,   and  when   scenario/exploratory   elements   are  used,   they  often  
neglect  the  potential  of  completely  new  trends  of  development  or  the  impact  of  a  different  legal  
framework,   but   instead   focus   on   marginal   changes   in   the   energy   system   -­‐‑   as   for   instance   a  
scenario  of  a  shorter  50  year  lifespan  on  nuclear  plants  instead  of  a  60  year  lifespan.  Moreover  
many   efforts   are   used   to   show   that   e.g.   the   efficiencies   applied   are   realistic   from   a   current  
perspective.  The  result  is,  that  the  scenarios  actually  outlined  only  differs  to  a  very  small  extent  
(Söderholm   et   al.,   2009:27).   An   example   of   Swedish   forecasting   is   the   annual   long-­‐‑term  
prognoses   published   by   the   Swedish   Energy   Agency   that   describes   the   expected   energy  
production/consumption  and  the  energy  sources  expected  to  be  used  in  a  year  2030-­‐‑perspective.  
The   forecast   is   divided   into   three   ‘scenarios’   but   these   are   based   on   1)   status-­‐‑quo   legal  
frameworks,  2)  status-­‐‑quo  plus  an  increased  economical  development  and  3)  increased  prices  on  
fossil  fuels  (Swedish  Energy  Agency,  2010d).    
  
A   similar   joint   analysis   was   not   found   of   the   use   of   methods   for   analysing   the   long-­‐‑term  
development  of  the  Danish  energy  system.  But  a  review  of  official  energy  reports  showed  that  
different  development  trends  are  considered,  but  not  used  in  combination  with  Trendmapping  
and  Backcasting.   For   instance   ’Prognoses   of   the  Danish  Energy  Use   and  Emission   of  Greeen  House  
Gases  till  year  2050’39  compares  a  business-­‐‑as-­‐‑usual  prognosis  with  an  alternative  prognosis  with  
a   higher   share   of  RE,   but   the  prognoses   are   not   related   to   actual   actions   that   could   affect   the  
development  of  one  future  or  another  (Danish  Energy  Agency,  2008a).  An  illustrative  example  
of  the  pitfalls  associated  with  analyses  of  the  future  Nordic  power  prices  by  the  Danish  Energy  
Agency  will  be  given  in  Analysis  Part  A.  
  
It  should  be  mentioned  that  many  other  stakeholders  than  the  Energy  Agencies  make  use  of  a  
broad  range  of  methods.  A  Swedish  example  is  the  report  ‘Tvågradersmålet  I  sikte?’  –scenarios  for  
the  Swedish  energy-­‐‑  and  transport  system  anno  2050,  published  by  the  Swedish  Environmental  
Protection  Agency  and  aiming  to  give  input  to  current  planning  of  long-­‐‑lived  societal  structures  
(e.g.   energy   producing   facilities)   if   SE   is   to   contribute   to   limit   global   warming   (Swedish  
Environmental  Protection  Agency,  2007:13).  The  report  makes  use  of  Backcasting  methods  with  
inspiration   from   Scenario  Analysis   as   it   builds   on   the   idea   of   keeping   an   arm’s   length   to   the  
present   trends   and   ‘established   truths’   while   shaping   the   future   scenarios,   and   subsequently  
describing   the   steps   necessary   to   follow   in   order   to   implement   the   changes   (Swedish  
Environmental  Protection  Agency,  2007:22).  
  
In   Denmark   the   influential   Heat   Plan   for   the   Capital   Area   in   DK,   analyses   four   different  
scenarios   for   the   future   heating   system   that   illustrate   the   potentials   of   following   a   status   quo  
policy   compared   to   policies   targeting  major   heat   savings,   expanded  DH  and   increased  use   of  
RES  (CTR,  KE  and  VEKS,  2009b).  
  
                                                                                                 
39 Fremskrivning af Danmarks energiforbrug og udledning af drivhusgasser frem til 2025 (Danish Energy Agency, 2008a). 
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4.3  Primary  Data  Collection:  Interviews  
  
The   thesis’  primary  data  collection  consists  of  series  of   interviews  and  personal  conversations.  
Stakeholders   were   mapped   according   to   their   expertise   and   divided   into   interviewees   for   1)  
preliminary   interviews  as   a  part  of   the   Initial  Exploratory  Research  and  2)   following   in-­‐‑depth  
interviews  of  stakeholders  with  expertise  of  energy  system  development  or  energy  storage.  
  
In   total   three   preliminary   interviews,   six   in-­‐‑depth   interviews   and   five   shorter   personal  
conversations  were  undertaken.  An  overview  of  interviews  is  found  in  Appendix  B.  
  
A  number  of   the   interviews  were   conducted  as   semi-­‐‑structured40  face-­‐‑to-­‐‑face   interviews  based  
on  an   interview  guide  and  subsequently  transcribed,  while  others  were  conducted  as  personal  
conversations.  Personal  conversations  have  been  shaped  as  a  few  questions  answered  by  phone  or  
mail  or  as  a  part  of  a  seminar/meeting  –  a  more  informal  way  to  follow  up  on  an  issue  already  
researched  for.  Semi-­‐‑structured  interviews  have  the  advantage  of  being  structured  by  a  number  of  
topics,   while   being   open   to   change   the   sequence   of   the   topics   and   to   pursue   content   in   the  
answers  given  by  the  interviewee  (Kvale,  2000:129).    
  
The   advantage   of   semi-­‐‑structured   interviews   in   relation   to   the   thesis   context   is   namely   this  
openness   towards   new   knowledge   –   for   interviews   with   the   representatives   from  
municipalities41  this   could   be   in   terms   of   new   plans   for   e.g.   TES   that   are   not   reflected   in   the  
official  energy  strategies.  For   interviews  with  experts   from  e.g.   the  Danish  Energy  Association  
and  Energy  Agency  Skåne,  the  openness  of  semi-­‐‑structured  interviews  has  been  an  advantage  in  
order  to  follow  up  on  so  far  unknown  trends  –  such  as  the  expected  impact  of  high  or  low  wind  
power  production  according  to  bidding  areas  in  the  Nord  Pool  Spot  Market.  The  specific  topics  
have   been   shaped   according   to   the   aim   of   each   single   interview/personal   conversation   as  
presented  in  Appendix  B.  Appendix  B  moreover  indicates  whether  the  interview  is  conducted  as  
a  preliminary   interview  with  a  broader  exploratory  approach  or  as  an  expert   interview  with  a  
more  narrow  approach  according  to  the  interviewee’s  field  of  expertise.  
  
Due   to   the   cross-­‐‑national   topic,   attention   was   also   given   to   gain   a   balanced   number   of  
interviewees   from  SE   and  DK   to   gain   insight   of   the   challenges   and  potentials   experienced  by  
stakeholders  on  both  sides  of  Øresund.    
  
As   many   of   the   interviewees   have   expressed   concern   that   the   audio   files   and   transcriptions  
should  not  be  published,  these  are  not  attached  here,  but  available  upon  request.  This  choice  is  
supported  by  the  fact  that  the  interviews  are  primary  used  as  expert  references  and  not  used  for  
direct  citation,  making  the  exact  wording  less  relevant  to  the  analysis.    
  
                                                                                                 
40 Inspired by the methodological approach set forward by Steinar Kvale in the book InterViews (Kvale, 2000) 
41 According to the geographical delimitation presented in Section 2.2.4, interviews have been conducted with 
representatives from the three municipalities in focus – Copenhagen, Lund and Malmø – and broadened by interviews 
with representatives from other municipalities.  
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4.4  Secondary  Data  Collection:  Selection  of  Literature  and  use  
of  Existing  Energy  Strategies  and  Prognoses  
  
The   secondary   data   collection   has   had   a   dual   purpose:   It   has   served   as   inspiration   for   the  
methodological  approach  and  understanding  of  concepts  presented  in  the  previous  sections  and  
it  has  been  a  basis  for  the  thesis  analysis.    
As  already  mentioned  the   literature  review  has   included  a  review  of  official  national,   regional  
and  municipal  energy  visions  and  strategies,  presented  in  Appendixes  C  and  D.  This  overview  
has  served  as  a  measure  for  the  visions  for  wind  power  share  in  the  future  Øresund  Region,  but  
has  also  been  used  to  evaluate  the  political  will  for  the  flexible  options  in  Analysis  Part  B.  
  
Moreover  previous  a  number  of  reports  and  articles  not  associated  with  these  official  strategies  
and  visions  have  been  reviewed  as  a  part  of  the  thesis  analysis.  As  the  Bibliography  will  reveal,  
the  reports  have  been  many  and  varied,  and  only  a  few  especially  inspiring  pieces  of  literature  
shall  be  highlighted  here:    
  
- ‘Energi   2050   -­‐‑Vindspor’   by   the   Energinet.dk,   a   public   Danish   institution   with   the  
responsibility   of   security   of   energy   supply,   an   efficient   energy   system   and   for   the  
integration  of  RE.  The  report  describes   the  main  challenges  of  an   increased  share  of  wind  
power  in  the  Danish  energy  system,  and  a  range  of  options  to  counterbalance  this  impact.  
The  wind  path  is  just  one  out  of  four  scenarios  described  in  the  broader  report  ‘Energi  2050  
–   udviklingsspor   for   energisystemet’   and   is   thus   based   on   an   exploratory   approach,  
analysing   the   consequences   of   an   ambitious  political   framework   for   a  high   integration  of  
wind  power  (Energinet.dk,  2011c).  
  
- ‘Tvågradarsmålet   i   sikte?  Scenarier   för  det   svenska   energy-­‐‑  och   transportsystemet   till   år  
2050’  by  the  Swedish  Environmental  Protection  Agency  (Swedish  Environmental  Protection  
Agency,   2007).   The   common   factor   for   these   two   reports   is   that   they   both   outline   energy  
scenarios   independent  of   the  present  policies   and  more  ambitious   than   these.  This   report  
was  already  mentioned   for   its  methodological   inspiration,  as  has  also  been  an   inspiration  
for  the  flexible  options  suggested.    
  
- ‘Varmeplan  Hovedstaden’  (1&2)  by  the  three  major  heating  and  transmission  companies  in  
Eastern  Denmark   (CTR,  KE   and  VEKS,   2009b),   has  provided   this   thesis  with   technical   as  
well  as  visionary  input  to  the  development  of  the  Danish  heat  sector.42  One  important  point  
related  to  the  use  of  this  report,  is  that  a  heat  plan  cannot  be  expected  to  deliver  visions  for  
the  integration  of  the  wind  power,  but  mainly  for  the  efficiency,  security  of  supply  and  RE  
integration  in  the  heat  system.  The  importance  of  this  acknowledgement  will  be  elaborated  
further  later.  A  similar  visionary  plan  for  the  Swedish  heat  sector  was  not  found;  perhaps  
due   to   the  general   separateness  of   the  DH  systems   in  Southern  SE  and   the  partly  private  
ownership  of  the  heat  sector.    
  
                                                                                                 
42 Followed up by an interview with Project Developer Jens Brandt Sørensen from VEKS  (see Appendix B).  
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Analysis    
  
  
As  described  in  the  Methodology  Chapter,  the  Thesis’  analysis  is  divided  into  three  parts  with  
separate  purposes:    
  
Analysis  Part  A:  Long-­‐‑term  Driving  Forces  and  Potential  Wind  Impact  
• To  understand  the  driving  forces  of   the  energy  systems  in  the  Øresund  Region  and  how  they  may  
affect  the  potential  future  energy  system  
• To   analyse   the   potential   impacts   of   the   increased   share   of  wind  power   in   the   light   of   the   driving  
forces  of  the  existing  energy  system  
  
Analysis  Part  B:  Flexible  options  for  a  Future  RE  based  Energy  System  
Discussion:    
• To  discuss  the  potentials  of  addressing  the  future  challenges  on  an  Øresund  Regional  basis  
• To  discuss  the  function  of  CHP  production  in  the  future  Øresund  regional  energy  system  
  
  
The  overall  purpose  of  these  three  parts  is  to  highlight  the  trends,  uncertainties  and  options  to  
be  considered  for  a  more  flexible  Øresund  regional  energy  system,  in  accordance  with  the  thesis  
main  objective.    
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Analysis Part A: Long-term driving Forces and Wind 
Impact 
  
  
  
Analysis  Part  A  aims  at  answering  the  research  question:  How  could  the  Øresund  regional  energy  
system  be  impacted  from  the  increased  share  of  wind  power  in  the  Nordic  electricity  system?  
  
This  will  be  done  according  to  the  two  focal  areas  outlined  above.    
  
  
5. Main Driving Forces in the Øresund Regional 
Energy System 
  
  
Long-­‐‑term  driving  forces  were  previously  defined  as  ‘the  course  of  events  and  decisions  taken  
in  the  past  still  influencing  the  present  and  perhaps  also  the  future  energy  systemʹ′.    
  
In  order  to  highlight  the  main  driving  forces  and  trends  that  should  be  considered  in  decision-­‐‑
making  for  a  more  flexible  Øresund  regional  energy  system,  the  focus  was  given  to  a  number  of  
factors  in  the  national  and  Øresund  regional  energy  system.  
  
The  review  given  here   is  not  an  exhaustive  overview  of  the  Nordic  energy  system,  but  merely  
presents  a  summary  of  a  search  for  the  driving  forces  with  potential  influence  on  the  choices  for  
a  more  flexible  energy  system  in  the  Øresund  Region.  This  potential  influence  will  be  clarified  in  
Chapter  6,  where  the  impact  of  increased  wind  power  is  related  to  the  long-­‐‑term  driving  forces  
considered.  
  
  
 
 
5.1 National Swedish and Danish long-term driving Forces of the 
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Energy Systems  
  
  
First  a  very  short  introduction  to  the  initial  development  of  the  energy  systems  in  Denmark  and  
Sweden:    
  
5.1.1  Initial  Development  of  the  Energy  Systems  in  Denmark  and  Sweden    
  
The   initial   development   (1900-­‐‑1970)   of   the   energy   systems   in  Denmark   and   Sweden  has   been  
very  different:  
  
Initial  development  Sweden:  In  Sweden  hydropower  dams  early  gave  way  to  an  abundance  of  
inexpensive  electricity,  allowing  an  extensive  industrial  development  within  steelmaking,  pulp  
and   paper   production   (Lafferty   and   Ruud,   2008   in   Harris   2011:30).   CHP   production   was  
introduced  to  supplement  hydropower  in  the  1960s  and  the  district  heating  system  was  build  –  
but   the   majority   of   heat   and   electricity   production   continued   to   be   generated   separately.   As  
Sweden  has  no  fossil  fuels,  the  country  is  reliant  on  import  of  oil,  coal  and  gas  (Marcus-­‐‑Möller,  
2007  in  Harris  2011:31).    
  
Initial   development   Denmark:   Unlike   Sweden,   Denmark   has   no   domestic   hydropower   and  
with   no   domestic   fossil   fuels   prior   to   the   year   1980,   the   electricity   demand   was   met   with  
imported   coal   and   oil.  DK  was   a   pioneer   on  district   heating;   the   first   system  was   installed   in  
1903  using  a  variety  of  fuels  including  waste,  and  already  in  the  1930s  district  heating  was  well  
established  in  most  Danish  cities.  Heat  and  power  generation  was  almost  completely  reliant  on  
imported   oil   and   coal,   and   was   typically   separately   produced   (DBDH,   2011   and   Ibsen   and  
Poulsen,  2007  in  Harris,  2011:35).    
  
5.1.2  Political  Priorities  of  Energy  Sources  in  Sweden  and  Denmark  
  
Besides   the  available  domestic  energy  sources,  also   the   stand  of  nuclear  or  anti-­‐‑nuclear   in  DK  
and  SE  has  had  a  major  influence  on  the  energy  systems:  
  
Denmark:  De-­‐‑selection   of   nuclear   power   gave   benefits   to  wind   power.  The   decision   not   to  
develop  nuclear  power  in  DK  in  spite  of  the  need  for  alternatives  to  the  imported  fossil  fuel  after  
the   oil-­‐‑crisis   in   the   year   1973,   provoked   the   development   of   both   domestic   oil,   gas   and  wind  
power   (Techmedia,   2005).   Wind   power   was   an   early   focus   of   Danish   research,   and   several  
governmental   programmes   and  wind   power   research   facilities   supported   the   development   of  
5.1.1 Initial development of the Energy Systems in Denmark and Sweden 
5.1.2 Political Priorities of Energy Sources in Sweden and Denmark 
5.1.3 Energy production Methods in Denmark and Sweden 
5.1.4 Distribution of Heat and Organisation of the Heat Sector in Denmark and Sweden 
5.1.5 Use of Electricity for heating and cooling in Denmark and Sweden 
5.1.6 Recent Decisions influencing the Danish and Swedish Energy Systems 
 
 
 
 
   35  
the  wind  power   industry.43  Moreover   the   forming  of  associations  of  wind  power  producers   in  
the  mid  1970s  and  the  surplus  generated  from  the  wind  turbine  industry  cemented  the  status  of  
the  Danish  wind  power  abroad  as  well  as  internally  (Lafferty  and  Ruud,  2008).  
  
Sweden:  Focus  on  hydropower  and  nuclear  power,  down-­‐‑prioritization  of  wind  power.  The  
Swedish  Government  initiated  the  development  of  nuclear  power  already  in  the  1950s  and  the  
oil  crisis  of  the  year  1973  gave  rise  to  an  increased  construction  of  new  reactors  even  exceeding  
hydropower   in   electricity   production   (World   Nuclear   Organisation,   2011   in   Harris   2011:31).  
Wind  power  was  not  prioritized  in  Sweden  primarily  due  to  the  cheap  electricity  from  nuclear-­‐‑  
and  hydropower,  but  also  the  wind  power  producers  were  less  organised  than  in  DK  and  public  
favour  of  wind  turbines  was  low  –  and  still  partly  is  today  (Bergek  &  Jacobsson,  2002:18;  Norling,  
Interview,  2011).  
  
The  main  differences   in   the  present  Danish  and  Swedish  use  of  energy  sources  are  obvious   in  
the   diagrams   below,  where   the  Danish   supply   of   natural   gas   and   coal   stand   out   as   the  most  
striking  difference  against  the  Swedish  use  of  nuclear-­‐‑  and  hydropower.  
  
  
  
Besides  fossil  fuels,  hydropower  and  wind  power,  biofuels  have  increasingly  gained  acceptance,  
mainly  due   to   the  carbon  constraints  of   the  1990s,   leading   to  a   search   for  alternatives   to   fossil  
fuels   (Voytenko  &  Peck,   2011   in  Harris   2011:38).   In   Sweden  biofuels   contribute   to   71%  of  DH  
(waste  share  of  biofuels  16%),  mainly  due  to  high  domestic  (forest)  supply  and  public  favour  of  
and  support  for  biomass  consumption  (Johansson,  2004).  In  comparison,  the  amount  of  biofuels  
                                                                                                 
43 For instance the Energy Research Program in 1976, the Development Program for Renewable Energy in 1981 and the 
change in the focus on the Risø Institute in Roskilde from nuclear to renewable energy, especially wind power (Risø, 
2008). 
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Figure 4: Swedish Gross Energy supply. Source: Own 
model based on data from Swedish Energy Agency, 
2010a:10, Data from 2009. 
Figure 5: Danish Gross Energy Supply. Source: Own model 
based on data from Danish Energy Agency, 2010a: 16-17. 
Data from 2009. 
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in  DH  in  DK  is  only  37,8%  (waste  share  of  biofuels  11,5%)  (Danish  Energy  Agency,  2007a).44  
 
  
The  electricity  supply  is  dominated  by  nuclear/hydropower  in  Sweden  and  coal/wind  power  
in  Denmark.  The  dominating  use  of  nuclear  and  hydropower  in  the  Swedish  energy  system  is  
even   more   distinct   in   the   electricity   production,   as   it   makes   up   75%   of   the   total   electricity  
capacity   (Table   3).45  In   Denmark   with   no   domestic   nuclear   or   hydropower   production,   wind  
power  makes  up  about  23%  of  the  total  Danish  energy  capacity  compared  to  less  than  1%  of  the  
Swedish  electricity  capacity  (Table  3).46  
  
  
  
  
  
  
  
  
 
 
 
Table 3: Electricity 
capacity and sources in DK 
and SE.  
Own table based on data 
from the year 2005. Source: 
Ea Energy Analysis, 2007:27. 
  
5.1.3  Energy  Production  Methods  in  Denmark  and  Sweden  
  
In   Denmark   CHP   is   the   dominant   energy   production  method.  Another   response   to   the   oil  
crisis  of  the  years  1973/79  was  the  governmental  focus  on  converting  thermal  plants  (separately  
generating  heat  and  electricity)  to  CHP  production  (Marcus-­‐‑Möller,  2007  in  Harris,  2011:35).  The  
expansion  of  the  DH  system  made  it  possible  to  utilise  excess  heat  from  power  plants,  and  the  
first   Heat   Supply   Law   in   the   year   1979   divided   the   country   into   regions   to   be   supplied   by  
natural  gas  or  DH  produced  by  CHP  (KL  &  Danish  Energy  Agency,  2010:23).  The  Co-­‐‑generated  
Heat   and   Electricity  Agreement   (year   1986)   consolidated   decentralised   co-­‐‑generated   heat   and  
electricity  as  a  major  energy  policy  priority.  The  share  of  DH  produced  by  CHP  plants  has  since  
more  than  doubled  from  39%  in  the  year  1980  to  80%  in  the  year  2010,  resulting  in  a  saving  of  
                                                                                                 
44 As will be reviewed in the following, DH covers approx. the same consumption in DK and SE.  
45 Although the data is from year 2005 and changes could have occurred since then, it was the only comparison found 
based on the same measurements for DK and SE. As the Table only serves as an illustration of the relative shares of 
energy sources in the electricity supply, it was found sufficient in this context.  
46 The energy sources constituting the electricity consumption in Denmark and Sweden are to some extent dependent on 
import of electricity from other Nordic countries. E.g. in the year 2009 approx. 5% of the electricity consumed in Eastern 
Denmark derived from nuclear power due to import from Sweden and Germany (Energinet.dk, 2010b:24).  
 Denmark Sweden 
Total electricity capacity in MW 13.585 32.132 
- Hydro power 0 15.129 
- Nuclear power 0 8.822 
- Natural gas 2.858 591 
- Coal 5.593 1.000 
- Coke 0 560 
- Oil 1.113 4.590 
- Waste 299 138 
- Biomass 566 903 
- Wind 3156 399 
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about  30%  of  the  fuel  compared  to  separate  heat  and  power  production  (Danish  Energy  Agency,  
2009a:1;  Danish  Energy  Agency,  2010b:1).    
  
In   Sweden   generation   of   electricity   and   heat   has   traditionally   been   considerable   more  
separate  than  in  Denmark.  A  broadly  separated  heat  and  power  production  is  another  result  of  
the  early  cheap  electricity  from  especially  hydropower  in  Sweden.  This  has  been  supported  by  a  
Swedish   decision   not   to   tax   fuels   for   electricity   production,   thus   creating   an   incentive   to   a  
separate  power  generation  (Johansson,  2004:3).    
  
Today  Sweden  derives  52%  of  DH   from  CHP  production,  while   the   rest  of   the  heat   supply   is  
produced  separately  from  electricity  production  (Swedish  Energy  Agency,  2010b:10).  Following  
the   same  pattern,   only   8%  of   the   electricity   used   in   Sweden  derives   from   combined  heat   and  
power   production,   while   this   applies   to   53%   of   the   electricity   produced   in   Denmark  
(Swedenergy,  2011;  Danish  Energy  Agency,  2010b:1).  
  
5.1.4  Distribution  of  Heat  and  Organisation  of  the  Heat  Sector  in  Denmark  
and  Sweden  
  
DH   as   the   prominent   way   of   distributing   heat   in   Denmark   and   Sweden.   The   DH   system  
covers   almost   60%  of   all   private   houses   in   both  DK   and   SE   (Danish  Energy  Agency,   2010b:1;  
Swedish  District  Heating  Association,  2011b).  
  
A  number  of  policies  have  supported  the  expansion  of  DH;  one  is  the  ‘obligation  to  connect’  as  
mentioned  before,   another   is   the   ‘no  profit   -­‐‑   no   loss’  principle47  indicating   that  no  one   should  
earn   from   heat   production,   and   heat   should   be   priced   in   accordance  with   the   actual   costs   of  
production  (Danish  Energy  Agency,  2009a:2).    
  
The  DH  organisation  is  mostly  private  in  Sweden  and  municipal  in  Denmark.  Until  the  year  
1996  the  DH  systems  in  both  Sweden  and  Denmark  were  mainly  under  municipal  control,  and  
the  principle  of  ‘no  profit  -­‐‑  no  loss’  for  DH  plants  and  the  obligation  to  connect  to  the  common  
heating  system  were  used  in  both  countries.48    
  
However,  this  principle  was  abolished  in  Sweden  in  the  year  1996,  and  the  subsequently  trading  
of  heat   resulted   in  higher  prices   some  places  and  a  growing  dissatisfaction  among  consumers  
and  critique  of  supposed  monopolies.  In  the  year  2009  only  65  %  of  the  Swedish  DH  companies  
were  owned  by  municipal/public  authorities  (Handelskammaren,  2009:2).49    
  
  
                                                                                                 
47 ’Hvile-i-sig-selv’ princippet. 
48 Although beneficial for the municipalities, the ‘no profit – no loss’ principle in DK has been ascribed negative 
consequences, as it does not create any incentive to enhance energy savings, although it is estimated that it is possible to 
save 20% of the heat loss in the DH system by using simple methods (Madsen, interview X). 
49 However, in the year 2011 a new regulation stated that the DH systems in Sweden are to be separated company vice 
from the production and trade with DH if an external company wishes to use it (Lauersen, 2011). 
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5.1.5  Use  of  Electricity  for  heating  and  cooling  in  Denmark  and  Sweden  
  
Widespread  use  of  electricity  for  heating  and  cooling  in  Sweden.  An  abundance  of  electricity  
from  nuclear-­‐‑  and  hydropower  has  historically  made  electricity  for  heating  feasible  in  Sweden,  
and  in  the  year  2003  about  one  third  of  all  residential  houses  were  heated  by  electricity.  In  order  
to   raise   the   efficiency,   the   Swedish   Government   has   supported   Direct   Heating50  and   now  
supports  domestic  heat  pumps  in  order  to  gain  a  higher  efficiency  (Wik,  Interview,  2011).  Today  
domestic   heat   pumps   cover   about   40%   of   the   Swedish   use   of   electricity   for   heating,   and   this  
share  has  been   increased  during   the   last  years  –  as  will  be   illustrated   later  by  Figure  18   (Wik,  
Interview,  2011).    
  
Large-­‐‑scale   heat   pumps   are   also   utilised   in   conjunction   with   the   DH   system   in   Sweden,  
contributing  to  approx.  12%  of  the  DH  production  (Eriksson,  2007).  The  use  of  large-­‐‑scale  heat  
pumps  will  be  further  considered  in  Analysis  Part  B.    
  
Public  aversion  to  use  electricity  for  heating  and  cooling  in  Denmark.  
In  Denmark  governmental  discouragement  of  electrical  heating  convinced  the  public,  that  using  
electricity   for   heating   regardless   of   technology,   is   wasteful   (Larsen,   2011   in   Harris,   2011:37).  
Compared   to   the  Swedish  widespread  use  of   individual  heat  pumps,  only  0,4%  of   the  Danish  
energy  consumption  is  covered  by  domestic  heat  pumps  (Danish  Energy  Agency,  2011b).  Today  
the  direct  use  of  electricity  for  heating  is  prohibited  in  new  established  buildings  and  in  existing  
houses  with  water  led  heat  systems  (Danish  Energy  Agency,  2011g).  Also  the  attitude  towards  
the   use   of   cooling   is   restrictive   in   Denmark,   as   for   instance   Copenhagen   Municipality   is  
reluctant  to  create  an  unnecessary  need  (Christensen,  personal  conversation,  2011).        
  
5.1.6  Recent  Decisions  influencing  the  Danish  and  Swedish  Energy  Systems  
 
Swedish  restriction  of  nuclear  power  and  hydropower.  Swedish  hydropower  development   is  
limited  by  a  legislation  protecting  the  undeveloped  rivers,  but  the  construction  of  new  nuclear  
reactors  to  replace  the  ten  old  existing  plants  has  been  allowed  since  the  year  2010  with  ten  as  a  
maximum  (Politiken,  2010).  The  Swedish  Energy  Agency  expects  the  nuclear  energy  production  
to  rise  from  64,3  TWh  in  the  year  2007  to  72,6  TWh  in  the  year  2020  (Swedish  Energy  Agency,  
2010d:5).   These   regulations   on   hydropower   and   nuclear   power  may   enhance   the   incentive   to  
invest  in  other  RES  such  as  wind  power  and  biofuels.    
  
Danish  conversion  from  natural  gas  to  DH.  The  current  natural  gas  reserves  are  only  estimated  
to   last   until   the   year   2021   (Danish   Gas   Technology   Center,   2011).   Accordingly,   the   Danish  
municipalities   have   been   encouraged   by   the  Climate-­‐‑   and   Energy  Minister   to   prepare   project  
proposals,  outlining  how  to  undertake  a  conversion  from  natural  gas  to  DH  (KL-­‐‑ENS,  2010:12).  
An  expansion  of  DH  at  the  expense  of  natural  gas  might  give  space  for  more  RE  sources  in  the  
heat  supply.51  The  municipal  right  to  choose  the  type  of  heating  for  new  and  existing  buildings  
                                                                                                 
50 Connecting the electricity elements by pipes with heated water. 
51 The conversion is not going to be an easy one though, as the long-standing political focus on natural gas since the oil 
crisis of 1973 has weakened the municipal heat planning considerably and no overall plan has yet been made for the 
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and  the  ’obligation  to  connect’  to  common  heating,52  legitimises  the  municipal  conversion  from  
natural  gas  to  district  heating  (LBK  nr.  347,  2006,  §  2).53    
  
Ambitious   targets   for   RE   increases   the   use   of   biomass   and   challenges   the   use   of   CHP  
production.   The   high   Swedish   and   Danish   targets   for   RE   share,   has   lead   to   support   for  
especially  biofuels  and  wind  power54  in  both  countries  (Appendixes  C  and  D).  Special  tariffs  and  
certificates  have  been  established  to  promote  these  RES  as  will  be  discussed  in  Section  9.3.1.  
  
5.2 The Øresund Regional Energy System compared to the 
National Energy Systems 
  
  
  
The   differences   and   similarities   in   the   national   Danish   and   Swedish   energy   systems   are   also  
widely  reflected  in  the  Øresund  regional  energy  system.  
    
5.2.1  CHP  Production,  Energy  Sources  and  DH  in  the  Øresund  Region  
  
High  share  of  CHP  in  the  Øresund  Region  –  varying  share  of  RE  
  
In   the  Capital  Region  of  Denmark   the  DH  system   illustrated   in  Figure  6   is   almost   exclusively  
based  on  heat   from  CHP  production   (CTR,  KE  and  VEKS  2009b:27).  An  overview  of   the  CHP  
capacity  in  the  Danish  Capital  Region  is  outlined  in  Appendix  H.  Only  approx.  13%  of  the  fuels  
used  for  CHP  production  are  renewable  (biomass);  mainly  coal,  natural  gas,  oil  and  waste  –  in  
prioritized  order  (Christensen,  Interview,  2011).    
  
In   Malmø   City   100%   of   the   heat   demand   is   covered   by   CPH   production,   60%   from   waste  
combustion   and   40%   from   natural   gas   (SYSAV,   2009:3;   Power   Technology-­‐‑com,   2012;   E.On,  
2010).   However,   only   approx.   30%   of   the   energy   produced   in  Malmø   City   derives   from   RES  
(Malmø  City,  2008a)  –  the  low  share  can  mainly  be  ascribed  to  the  natural  gas  investments  of  the  
private   company   E.On   owning   the  major  CHP  plant   and   the  DH   system   in  Malmø   (Norling,  
Interview,  2011).  However,  the  municipality  is  striving  to  increase  the  share  of  RE,  for  instance  
                                                                                                                                                                                                                                                                                                                            
conversion (Danish District Heating, 2010a:65; Ullum, Interview, 2011). Natural gas is still expected to be used in areas 
where DH is not feasible (Sørensen, personal conversation, 2012). 
52 ‘Tilslutningspligten’. 
53 Moreover it should also be considered whether it is feasible to broadly replace natural gas with DH; especially as the gas 
system has a potential to counterbalance the wind power fluctuations, and could be used for distribution of biogas and 
hydrogen as will be reflected in Analysis Part B.  
54 E.g. Denmark has a 2020-target of 52% wind power in the total electricity production, while Sweden expects similar 
19% by the year 2020 (Appendixes C and D). If this target is reached, it is an increase in wind power of 90% in Sweden 
and of 56% in Denmark compared to year 2005-level (Table 3). 
5.2.1 CHP Production, Energy Sources and DH in the Øresund Region 
5.2.2 Electricity Production in the Øresund Region 
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the  new  city  zones  Western  Habour  and  Hyllie  are  designed  to  produce  their  own  RE,  and  also  
analyses  of  the  geothermal  potential  are  on-­‐‑going  (Norling,  Interview,  2011).  
  
In  Lund  Municipality  a  RES  based  CHP  plant55  is  being  established,  which  is  expected  to  cover  
about   half   of   the   DH   demand   in   Lund,   Lomma   and   Eslöv  Municipalities   –   the   other   half   is  
covered  by  geothermal  heating  (Lund  Energy,  2011;  Lund  Energy,  2002:1).    
  
DH  systems  are  widespread  in  the  Øresund  Region.  The  widespread  use  of  DH  in  the  national  
energy   systems   is   also   apparent   in   the   Øresund   region,   as   e.g.   30   of   33   municipalities   in  
Southern  SE  uses  DH  –  in  Malmø  90%  of  all  houses  are  supplied  with  DH  (Handelskammaren,  
2009:2;   Malmø   City,   2008:5).   In   Lund  Municipality   the   total   heat   demand   is   covered   by   DH  
(Lund  Energy,  2002:1).  
  
     
In   the   Danish   Capital   Region,   the   influential   heat   companies   VEKS   and   CTR   have   a   long-­‐‑
standing  collaboration  on  the  operation  and  extension  of  the  DH  system,  as  illustrated  in  Figure  
6.  In  this  region  98%  of  the  heat  demand  is  covered  by  DH  (KE,  2012).  
    
The  municipal  ownership  of  DH  companies  is  higher  in  Southern  Sweden  than  in  the  rest  of  
Sweden  –  but  still  lower  than  Eastern  Denmark.  Municipal  ownership  of  the  DH  companies  is  
slightly  higher   in  Southern  Sweden   than   the  national   level,   as  13  of   the  18  DH  companies  are  
municipal   owned   (72%   against   the   national   65%)   (Handelskammaren,   2009:2).   However,   the  
major  DH  area  of  Malmø   is   owned  by   the  private   energy   company  E.On   (Norling,   interview,  
2011).    
                                                                                                 
55 Today one CHP plant exists in Lund covering approx. 21% of the DH consumption in Lund Municipality (Birkedal, 
personal conversation, 2011).  
Figure 6: The current DH system in the Danish Capital 
Region. The blue and red colour illustrates the ownership of 
respectively VEKS and CTR, the green area is supplied by 
the smaller Vestforbrænding and the yellow areas are DH 
areas supplied by steam about to be phased out. Source: 
VEKS, CTR, KE, 2009:26. 
Figure 7: The current DH and gas system in Malmø 
City. The dark red lines ill. the DH system and the grey 
areas are supplied with natural gas. The main part of the 
heat distribution system is owned by the private energy 
company E.On. Malmø DH system is not connected 
with other municipal DH systems, unlike Lunds DH 
system which is connected with Eslöv and Lomma 
Municipality. Source: Malmø City, 2008a:19.  
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Worn-­‐‑down  base  load  heat  capacity  in  the  Capital  Region  of  Denmark.  The  high  dependency  
on  CHP  production  in  the  Capital  Region  of  DK  is  challenged  by  the  fact  that  many  of  the  major  
CHP  plants   in   the   region   are   about   to   be  worn   down   and   some  will   already   be   taken   out   of  
production  during  the  next  five  years  (CTR,  KE  &  VEKS,  2011:6).  
    
Figure   8   illustrates   the   existing   heat   production   capacity   in   the  Danish  Capital  Region  by   the  
year   2010   compared   to   the   heat   demand   in   the   region.   The  most   important   conclusion   to   be  
highlighted  from  this  figure  is  that  under  normal  conditions,  peak  load  capacity  is  only  used  in  
periods  with  extra  high  heat  demand  or/and  breakdowns  in  the  production  capacity  (CTR,  KE  &  
VEKS,  2011:21).  
  
However,  many  of  the  plants  in  the  Danish  Capital  Region  are  old  and  unless  they  are  
renovated  they  will  be  taken  out  of  production  –  some  already  within  the  next  five  years:  A  
review  of  the  heat  capacity  and  lifespan  of  the  existing  plants/blocks  and  of  the  new  
plants/blocks  expected  to  be  build  is  presented  in  Appendix  H.  As  illustrated  in  this  appendix,  
two  major  CHP  plants,  Amagerværket  and  Avedøreværket,  will  be  worn  down  by  the  year  
2017-­‐‑18,  but  are  expected  to  be  lifespan  extended  to  year  2027.  After  year  2027  they  will  be  too  
old  to  be  in  production  (Sørensen,  personal  conversation,  2012).    
  
Thus  new  heat  capacity  will  especially  be  needed  from  year  2027,  as   the  main  part  of   the  heat  
capacity  will  be  phased  out,  and  the  new  capacity  planned  for,  will  only  roughly  cover  the  need  
by   the   year   2015,   where   the   first   worn   down   plants   (Block   7   at   Svanemølleværket   and   H.C.  
Ørstedsværket)  will  be  taken  out  of  production.  
  
     
Figur 8: Heat demand in the Capital Region (hrs./year) compared to heat production 
capacity (MW). The blue area illustrates the heat demand (MW) sorted after hours/year. 
The coloured lines relate to the CHP plants in the Danish Capital Region. Geothermal 
heating (pink line) and waste (black line) is used as base load. The green line ill. peak-load 
production. Source: CTR, KE & VEKS, 2011:21.  
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To  compensate  for  the  closing  CHP  plants,  a  new  wood  chip  fired  CHP  plant  and  a  geothermal  
facility  are  being  discussed,  but  have  not  yet  been  approved.  In  a  longer  perspective  (after  year  
2025)  heat  pumps  are  expected  to  supplement  CHP  plants  (Christensen,  personal  conversation,  
2012).    
  
Excess   heat   production   in   Southern   Sweden.   In   some   of   the   main   DH   areas   in   Southern  
Sweden  the  opposite  challenge  is  occurring:  In  Malmø  City  the  waste  combustion  plant  SYSAV  
and   the  CPH  plant  Øresundsverket   already   generate   excess   heat   production   that   is   currently  
cooled  into  Øresund.  As  Øresundsverket  is  a  private  company  owned  by  the  energy  company  
E.On,  at  the  moment  prioritizing  natural  gas,  Malmø  City  is  trying  to  find  own  ways  to  meet  the  
municipal   fossil   free   targets   –   an   alternative   to   the   on-­‐‑going   dialogue   with   E.On   on   the  
conversion   to   biogas,   that   has   so   far   not   been   fruit   full.   For   instance   Malmø   City   is   at   the  
moment  analysing  the  potential  to  exploit  geothermal  energy,  but  as  Øresundsverket  is  a  newly  
renovated   facility   (taken   into   operation   again   in   the   year   2009),   and  more   important   as   E.On  
owns   the   DH   system   in  Malmø   City,   the   time   horizon   for   a   RE   based   heat   sector   is   unsure  
(Norling,  Interview,  2011).  Malmø  City  currently  improves  the  separation  of  organic  household  
waste,   mainly   to   serve   as   supply   for   biogas   production   (Norling,   Interview,   2011)   –   a  
prioritization  that  will  most  likely  reduce  the  fuel  input  for  the  waste  combustion  plant  SYSAV.  
Thus  it  is  unlikely  whether  a  heat  surplus  will  be  apparent  in  the  future.56    
  
In  Lund  Municipality  a  considerable  excess  heat  production  (150  GWh/year)  is  expected,  when  a  
new  major  Research  Center  (ESS  )  is  taken  into  operation  (Birkedal,  personal  conversation,  2011).  
An  expansion  of  the  DH  grid  between  Lund  and  Malmø  has  been  considered  to  make  use  of  the  
excess  heat,  but  since  both  municipalities  generate  excess  heat,  a  basis  for  exchange  has  not  been  
found  (Birkedal,  personal  conversation,  2011).    
  
Potential  of  heat  exchange  DK-­‐‑SE?  The  combination  of  near-­‐‑future  need  of  heat  capacity  on  one  
side   of   Øresund   and   excess   heat   production   on   the   other,   has   naturally   called   for   plans   to  
combine  the  energy  systems.  A  DH  line  between  Elsingør  and  Helsingborg  has  been  considered,  
but  has  been  found  too  expensive  (Harboe,  personal  conversation,  2011).  This  is  why  so  far  only  
national  solutions  have  been  planned  for,  as  for  instance  combining  the  DH  systems  of  Southern  
Sweden  as  mentioned  or   connecting   the  DH  system   to   the  Southern  part  of  Denmark   thereby  
including  more  heat  producing  plants  (CTR,  KE  and  VEKS,  2011:23).    
  
The  potentials  of  new  DH  connections  will  be  evaluated  in  Analysis  Part  B.  
  
  
  
     
                                                                                                 
56 Perhaps due to the partly privately owned heat sector, no coherent heat plan is found in Malmø, and it has not been 
possible to estimate the heat surplus through interviews.   
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5.2.2  Electricity  Production  in  the  Øresund  Region  
  
Southern  Sweden  produces  less  electricity  and  uses  more  varied  energy  sources  compared  to  
the   national   Swedish   level.      The   import/export   to   and   from   the   Øresund   Region   varies,  
depending  on  where  the  cheapest  prices  are  found  in  the  Nordic  electricity  system.  Special  for  
Southern  Sweden57,   in   terms  of  RES,   is   the   lack  of  hydropower  and  since  Barsebäck  was  taken  
out  of  function,  also  of  nuclear  power  (Astrup,  Andersen,  2010).  
  
The  lack  of  hydropower  and  nuclear  power  has  three  main  consequences:    
  
1)  Southern  Sweden  is  more  dependent  on  imported  electricity;  approx.  23%  of  the  electricity  
consumed  in  Southern  SE  is  imported58  (Länstyrelsen  Skåne  Län,  2007:15).  
  
2)   Southern   Sweden   has   experienced   an   increase   in   power   prices   since   Sweden   recently  was  
divided  into  four  power  price  zones,  leading  to  higher  power  prices  in  minor  power  producing  
regions   like   Southern   Sweden.59  Moreover,   the   transmission   bottleneck   in  Mid   Sweden   leaves  
Southern   Sweden   vulnerable   to   blocks   in   the   access   to   northern   power   supply   (Norling,  
interview,  2011).  
  
3)   Partly   as   a   consequence   of   1)   and   2)   other   energy   sources   than   hydropower   and   nuclear  
power  are  extensively  exploited  in  Southern  Sweden.  E.g.  in  Malmø  the  private  energy  company  
E.On  is  extending  the  current  network  of  natural  gas,  which  is  not  widespread  in  the  rest  of  SE,  
and  in  Lund  geothermal  heating  covers  about  one  fourth  of  the  DH,  while  new  ways  of  utilising  
biofuels   are   revised.  One   example   is   a   biofuel   driven  CHP  plant   being   established   by  Lund’s  
Energy   in   conjunction   with   a   sugar   plant,   which   is   expected   to   cover   about   half   of   the   DH  
demand  in  Lund,  Lomma  and  Esløv  (Lunds  Energy,  2011).  Malmø  City  has  some  of  the  largest  
systems  of  solar  panels  and  solar  cells  in  Sweden  –  so  far  two  are  connected  to  the  DH  system  
(Malmø  City,  2008b:11).60  Moreover,  wind  power  production  is  under  considerably  expansion  in  
Southern  Sweden  as  the  conditions  here  are  some  of  the  best  in  Sweden  (Länstyrelsen  Skåne  Län,  
2011).    
  
Eastern  Denmark  is  a  minor  net  importer  of  electricity.  From  year  2006-­‐‑2010  Eastern  Denmark  
was  a  total  net  exporter  of  electricity  for  two  years  (2006  and  2010),  which  has  been  explained  by  
a   low  hydropower  generation   in  Sweden  and  Norway  and  by   low  production  on  the  Swedish  
nuclear  plants   in   the  year  2010   (Energinet.dk,  2011e;  Energinet.dk,  2010:23).   In  general  Eastern  
Denmark  is  a  minor  net  importer  of  electricity,  with  an  import  approximating  0-­‐‑14%  of  the  total  
electricity  production  (Energinet.dk,  2010:24).  
                                                                                                 
57 As mentioned in the Delimitation, Southern Sweden here refers to the geographical area included in the Nord Pool bidding 
area of Southern Sweden (SE4) – in this case, this delimitation makes a difference as for instance a major nuclear plant is 
placed in Oskarshamn right outside the bidding area of Southern Sweden (Svenska Kraftnät, 2011).   
58 ‘Import’ – refers to import mainly from Mid Sweden and Northern Sweden, but also via the Nord Pool Spot Market 
(Länstyrelsen Skåne Län, 2007:15). 
59 These zones or bedding areas will be discussed in Section 6.1.3.  
60 From 2005 to 2008 there has been a solar subsidy program in Sweden supporting 70% of the total installation cost for 
photovoltaic facilities on public buildings, which has led to a major development in the Swedish market (Malmø City, 
2008b:11). 
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In   the   year   2010   the   electricity   transmission   systems   in   Eastern   and  Western   Denmark   were  
connected   (Energinet.dk,  2010:24).  This   connection   is   likely   to  decrease   the  periods  of  peaking  
power   prices   in   Eastern   Denmark,   but   is   not   expected   to   affect   the   power   prices   in   Eastern  
Denmark   in   general,   as   the   transmission   capacity   is   limited   (Ingeniören,   2010;   Ea   Energy  
Analysis,  2009b:35).    
  
Moreover,  as  Eastern  Denmark   is  closer  connected   to   the  Nordic  electricity  market,   the  power  
prices  in  this  region  are  still  more  dependent  on  the  prices  on  hydropower  compared  to  Western  
Denmark;  exemplified  by  a  price  rise  in  Eastern  Denmark  from  DKK  0,30/KWh  in  2009  to  DKK  
0,42/KWh   in  2010,  when   the  hydro  power  and  nuclear  power  production  was   low   in  Sweden,  
compared   to   a   minor   rise   by   DKK   0,08/KWh   in   Western   Denmark   in   the   same   period61  
(Energinet.dk,  2011e).    
  
Analysis   Part   B   will   discuss   the   Nordic   electricity   system   in   general;   the   important   trend   to  
notice  from  this  section,  is  that  the  power  prices  in  the  Øresund  Region  are  broadly  similar  and  
that  the  electricity  import  to  Eastern  Denmark  is  much  lower  than  the  one  to  Southern  Sweden  –  
only   making   up   approx.   0-­‐‑14%   of   the   electricity   production   compared   to   approx.   23%   in  
Southern  Sweden  (Energinet.dk,  2010:24;  Länstyrelsen  Skåne  Län,  2007).62    
  
5.3 Summary: Main Driving Forces in the Øresund Regional 
Energy System 
 
The  reason  for  reviewing  the  driving  forces  in  the  Øresund  Region  was  to  map  the  main  trends  
to   be   considered   when  making   choices   for   a   future   flexible   energy   system.   The   relevance   of  
these  trends  will  be  discussed  in  combination  with  the  analyses  of  the  potential  impacts  of  wind  
power  and  the  flexible  options  to  counterbalance  these   impacts;  here  merely  the  findings  from  
Chapter  5  will  be  summarized.    
  
Long-­‐‑term  driving  forces  were  previously  defined  as  ‘the  course  of  events  and  decisions  taken  
in   the   past   still   influencing   the   present   and   perhaps   also   the   future   energy   systemʹ′.   Present  
forces  influencing  the  energy  systems  also  include  the  political  visions  as  outlined  in  Appendix  
C  and  D.  The  driving  forces  behind  these  visions  are  considered  in  Section  3.2.1,  pointing  at  the  
international  obligations  to  reduce  CO2  emissions,  the  expected  rise  in  fuel  prices,  the  security  of  
supply  and  the  benefits  associated  with  green  growth.  Moreover  the  influence  of  interest  groups  
can   be   seen   as   a   strong   driving   force   –   as   has   been   exemplified   in   this   chapter   by   the  
                                                                                                 
61 Western Denmark is closer connected with the central European electricity market that in the year 2010 had lower 
power prices than the Nordic countries (Energinet.dk, 2011e). 
62 The share of imported electricity is estimated from the years 2006-2009 before the connection between Eastern -
Western Denmark. As the previously price example showed, the periods with peaking power prices in Eastern Denmark 
might be fewer with the new connection, but Eastern Denmark is still more dependent on the price fluctuations in the 
Nordic market. Southern Sweden imports as previously mentioned approx. 88% of the electricity consumed. Data was 
not available for import share of electricity produced in Southern Sweden, but the as the main focus here is to highlight 
the very high electricity ‘import’ in Southern Sweden compared to Eastern Denmark, the minor difference between 
production and consumption is not seen as influential to this conclusion.  
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nuclear/anti-­‐‑nuclear  movements  and  the  wind  power  lobby.    
  
Main  driving  forces  in  the  Swedish  energy  system    
  
• Inexpensive   power   from   hydropower   facilities   and   nuclear   plants   has   given   incentive   to  
extended   use   of   electricity   for   heating   and   widespread   separate   power   production,  
supported  by  legal  tax  exception  for  fuels  used  for  electricity  production.    
• Due  to  the  cheap  hydro-­‐‑  and  nuclear  power,  a  weak  organisation  of  wind  power  producers  
and   a   low   public   favour,   wind   power   production   has   for   a   long   period   been   down  
prioritized.    
• A  liberalisation  of  the  Swedish  energy  system  has  made  it  harder  for  some  municipalities  to  
implement   visionary   energy   strategies   for   the   future   and   the   state   is   mainly   supporting  
desired  developments   e.g.   the  use  of  heat  pumps,  not   forcing   consumers   to  use  DH  over  
electrical  heating  or  denying  CHP  producers  to  profit  from  heat  production.    
  
Main  Driving  Forces  in  the  Danish  energy  system  
  
• An   early   de-­‐‑selection   of   nuclear   power,   no   cheap   hydropower   and   a   strong  wind  power  
lobby   has   favoured   a   well   established   wind   power   industry,63while   an   initially   higher  
priced  electricity  has  lead  to  a  very  low  use  of  electricity  for  heating,  also  enforced  by  legal  
restrictions.  
• With  an  early  expansion  of  CHP  and  DH  and  a  strong  public  heat  planning,  heat  is  broadly  
today   an   inexpensive   by-­‐‑product   of   electricity   production.   An   extended   municipal  
ownership  of  DH  systems  combined  with  a  governmental  focus  on  heat  planning  has  for  a  
long  time  reduced  individual  heating  options  such  as  heat  pumps.  
  
  
Biomass   has   a   high   priority   for   heat   production   in   both   Denmark   and   Sweden;   traditionally  
highest   in   Sweden   due   to   the   extended   domestic   biomass   sources   and   no   locally   produced  
natural  gas  for  heating.64    
  
Table  4  gives  an  overview  of   some  of   the  main   trends  of   the  Øresund  regional  energy  system  
compared  to  the  national  trends.    
  
  
  
  
  
  
                                                                                                 
63 Although this strength has been questioned the last decade, the Danish Wind Industry Association shows optimism 
towards the targets for wind power provided by the new Danish Government – however, the new targets have not yet 
been officially approved (Danish Wind Industry Association, 2011). 
64 The national energy tariffs for RES will be reviewed in Section 9.3.1.  
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   Tabel 4: Main elements of the energy systems in Denmark, Sweden and in the Øresund Region. Source:     
   Own table based on the findings from Chapter 5.  
 
  
Table  4  highlights  that  the  energy  systems  in  Eastern  Denmark  and  Southern  Sweden  have  more  
in  common  than  the  national  energy  systems  of  Sweden  and  Denmark.  This  was  mainly  found  
to   be   due   to   the   absence   of   hydro-­‐‑   and   nuclear   power   in   Southern   Sweden,  which   has   given  
higher   incentive   to   extended   CHP   production   and   DH   in   this   region   compared   to  Mid-­‐‑   and  
Northern   Sweden.   The   absence   of   hydro-­‐‑   and   nuclear   power   in   Southern   Sweden   has   most  
likely   also   given   incentive   to   develop   other   energy   sources   such   as   geothermal   energy   and  
natural  gas,  which  are  more  used  in  this  region.  
  
                                                                                                 
65 Power from waste combustion and nuclear power is not included as RES in this context.  
 Denmark Sweden Øresund Region 
Main energy 
sources 
 
1. Oil 2. Natural 
gas 3. Coal 
 
RE share of 
energy 
produced65: 21% 
 
 
1. Oil 2. Nuclear power 
3. Biofuels  
 
RE share of energy 
produced: 35% 
 
 
For heating:  
Lund: Biomass and geothermal energy  
Malmø: Natural gas and waste 
Copenhagen: Coal and natural gas 
 
RE share of energy produced:  
Lund: 90% 
Malmø: 30%  
Copenhagen: 13% (for CHP plants) 
Main 
electricity 
energy sources 
1. Coal 2. Wind  
3. Natural gas 
1. Hydro power 2. 
Nuclear power 3. Oil 
Sufficient data was not found.  
Energy 
production  
80% CHP for 
heat 
53% CHP for 
electricity  
52% CHP for heat 
8% CHP for electricity 
- the rest is produced 
separate heat/power. 
 
98% CHP for heat in the Danish Capital 
Region.  
Higher share of CHP production in the 
Municipalities reviewed in Southern SE, up 
to 100% for heat and 70% for electricity in 
Malmø City and min. 50% of heat is 
covered by CHP production in Lund 
Municipality.  
District 
heating 
60% of private 
houses 
60% of private houses Remarkable higher share of DH – 90% of 
the heat demand in Malmø and 100% of 
the heat demand in Lund is covered by 
DH. 98% of the heat demand in the Danish 
Capital Region is coved by DH.  
Electricity for 
heating 
Prohibited in 
new + some 
existing houses. 
0,4% of energy 
consumption is 
covered by 
domestic heat 
pumps 
40% of private houses 
use heat pumps. 12% of 
the DH is covered by 
large-scale heat pumps 
With a higher level of DH in Southern SE, 
electricity used for heating is most likely 
lower than the national levels – no joint 
data was found 
Organisation 
of the heat 
sector 
DH companies 
are municipally 
owned 
 
65% of DH companies 
are municipally owned 
Higher municipal ownership of DH 
companies - 72 % of DH companies in 
Southern SE are municipally owned. An 
exception is found in Malmø, where a 
private company owns the DH system 
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An   additional   finding   is   the   near-­‐‑future   need   of   new   heat   capacity   in   the   Capital   Region   of  
Denmark   and   the   expected   increased   excess   heat   production   in   Southern   Sweden   –   a   finding  
that  will  be  followed  up  in  Analysis  Part  B  by  a  review  of  the  potentials  of  combining  the  DH  
systems.  
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6.  Potential Impacts of increased Wind Power  
  
 
6.1 The Nord Pool Spot Market Market as a balancing 
Cooperation? 
  
  
6.1.1  Structure  of  the  Nordic  Electricity  System    
  
The  Danish   and   Swedish   energy   systems   are   connected  by   electricity   cables   and  by   the  Nord  
Pool  Spot  Market,  owned  by  the  Nordic  Transmission  System  Operators.66  In  the  year  2010  74  %  
of   the   total   electricity   consumption   in   the   Nordic   countries   was   traded   here   (Nordpoolspot,  
2010).    
  
The  prices  and  amounts  of  power  traded  on  the  Nord  Pool  Spot  Market  are  set  on  the  day-­‐‑ahead  
market   (Spot  Market)  according   to  supply  and  demand;  biddings  closes  at  noon   for  deliveries  
one  day  ahead.  After   the  day-­‐‑ahead  market  has  closed,  participants  can  trade   internally  at   the  
intraday   market   (Elbas),   and   at   the   time   of   delivery   the   regulative   power   market   can   be  
activated,  as  will  be  described  later.  The  day  after  deliverance,  the  costs  from  imbalances/use  of  
the  regulative  market  are  divided  between  the  suppliers  (Ea  Energy  Analysis,  2009b:47).    
  
The  Nord  Pool  Spot  Market  is  divided  in  a  number  of  bidding  areas.  The  bidding  areas  ensure  
that   the   regional   production   capacity   is   reflected   in   the   power   price   and   they  mostly   follows  
actual  bottlenecks  in  the  transmission  system  –  areas  where  the  transmission  capacity  is  reduced  
(Nordpoolspot,  2011).  
                                                                                                 
66 Norwegian Stattnett SF (30%), Finish Fingrid Oyj (20%), Swedish Svenska Kraftnät (30%) and Danish Energinet.dk 
(20%) (Nordpoolspot, 2010:9). 
6.1 The Nord Pool Spot Market as a balancing Cooperation? 
6.2 Short-term Impacts of increased Wind Power on the Nordic Electricity System 
6.3 Long-term Impacts of increased Wind Power on the Nordic Energy System 
6.4 Specific Impacts of the increased Share of Wind Power to the Øresund Regional Energy System 
6.5 Summary: Potential Impact of more Wind Power to the Øresund Regional Energy System 
 
 
  
  
  
  
6.1.1 Structure of the Nordic Electricity System 
6.1.2 Imbalances and counteracting Mechanisms in the Nordic Electricity System 
6.1.3 Recent Developments in the Nord Pool Spot Market with Effect on the Øresund Region 
6.1.4 Summary: The Nord Pool Spot Electricity Market as a balancing Cooperation? 
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The   division   into   bidding   areas   is   a  way   to   balance   the   high   prices,   normally   found   close   to  
bottlenecks,   on   a   greater   area   hereby   reducing   the   impact   on   few   consumers.   Due   to   the  
bottlenecks,   the   bidding   areas  may   have   different   power   prices.  Moreover,   the   differences   in  
area   power   prices   give   incentive   for   the   energy   companies   to   maintain   and   even   extent   the  
transmission   connections,   as   they   gain   from   the   electricity   transferred   from   lower   priced  
bedding  areas  to  higher  priced  bedding  areas,  thereby  reflecting  the  demand  and  the  production  
prices,  and  consequently  equalling  the  power  price  in  the  total  electricity  system  (Nordpoolspot,  
2011;  Søndergren,  Interview,  2012).    
  
Figure  9  illustrates  the  current  transmission  lines  of  the  Nordic  electricity  market.  The  amount  of  
electricity   traded   and   the   direction   of   the   exchange   of   electricity   (import   or   export)   is  
determined  by  transmission  capacity  limits  and  by  the  prices  of  the  electricity  produced  in  each  
bidding  area  (Energinet.dk,  2011f).    
  
The   Nord   Pool   Spot   market   has   for  
many   years   been   able   to   balance   the  
supply   and  demand  of   electricity,   and  
to   sell   the   excess   electricity   from  
respectively   wind   and   hydro  
production   abroad.   Norway   and  
Sweden   give   Denmark   access   to  
considerable   amounts   of   fast,   short  
term   balancing   hydropower,   that   can  
rapidly   be   turned   up   and   down,   and  
thereby   “store”   some   of   the   Danish  
wind  power.  In  theory  the  hydro  dams  
act  as  DK’s  ‘electricity  storage  batteries’  
(Ea  Energy  Analysis,  2007:92).    
  
  
  
6.1.2  Imbalances  and  counteracting  Mechanisms  in  the  Nordic  Electricity  
System  
  
Normally  a  trading  system  the  size  of  Nord  Pool  should  be  able  to  equalise  the  power  prices  at  
all  times  by  letting  the  power  flow  from  the  lower  priced  areas  to  the  higher  priced  areas  and  by  
extending  transmission  capacity  in  areas  where  bottlenecks  are  found  (Nordpoolspot,  2011).  
  
However,  periods  of  very  high  power  prices  in  some  bedding  areas  have  temporarily  occurred;  
On  the  7th  of  December  2010,  record  high  power  prices  of  15  DKK/kWh  was  found  in  Eastern  DK  
(Ea  Energy  Analysis,   2011:18).  Normally  high  power  prices   are   seen  as  prices   exceeding  DKK  
1/kWh,  so  the  power  price  exemplified  here  is  very  high  (Ea  Energy  Analysis,  2009b:35).      
Figure 9: Transmission lines at the Nordic electricity 
market. Source: Nord Pool at Publics.bg, 2010. 
  50  
  
A   case   like   this   is   rare,   and   mainly   found   to   be   due   to   especially   dry   years   with   a   low  
hydropower  production  or/and  due  to  bottlenecks  in  the  electricity  transmission  system  that  has  
not  yet  been  extended.  When  the  hydropower  supply  in  Sweden  and  Norway  is  low,  electricity  
flows   from   Germany   towards   the   Nordic   countries,   also   leading   to   higher   power   prices   in  
Denmark  (Ea  Energy  Analysis,  2009d:34;  Søndergren,  Interview,  2012).  
  
More   frequent   are   periods,  when   the   electricity   supply   offered   to   the  Nord  Pool   Spot  Market  
exceeds  the  demand.  In  periods  of  oversupply  known  in  advance,  The  Nord  Pool  Spot  Market  
has  previously  rejected  part  of  the  supply  offers67,  resulting  in  the  lowest  possible  Spot  price.  It  
is   seen   as   a   serious   market   failure,   when   the   market   does   not   accept   the   power   produced,  
although   offered   at   prices   corresponding   to   the   market   price68  (Energinet.dk,   2011g).   When  
imbalances   occur   on   the   day   of   power   deliverance,   the   regulative   market   comes   into   force.  
Regulative   power   is   gained   by   balancing   mechanisms   (such   as   large-­‐‑scale   electrical   boilers)  
installed   at   the   suppliers   that   can   be   activated  within   15  min.   in   order   to   counterbalance   the  
imbalances  occurring  during  the  day  of  deliverance  (Ea  Energy  Analysis,  2009b:19).69    
  
An  oversupply  of  electricity  in  the  Nord  Pool  bidding  areas  has  so  far  mainly  been  found  to  be  
due  to  three  reasons:    
  
1) A  temporary  reduced  export  capacity  due  to  bottlenecks  in  the  transmission  system  
2) A  failure  in  the  transmission  to/from  Germany  resulting  in  an  opposite  flow  of  electricity  
from  higher  to  lower  priced  areas  
3) A   constant   high   power   production   from   CHP   plants   even   in   periods   with   low   power  
prices   -­‐‑   due   to   an   inflexible  CHP  production,  where   temporary   stops   in   production   are  
infeasible   and   due   to   the   cogeneration   of   heat   and   power,   necessitating   a   high   level   of  
CHP   production,   when   the   heat   demand   is   high,   although   the   national   electricity  
production  is  in  surplus.  
    
  
As   for   reason   1)   and   2)   they   are   expected   to   be   solved  by   transmission   extensions   and  better  
market  integration.  Examples  of  a  potential  transmission  extension  will  be  given  in  Appendix  E.    
  
As  for  reason  3),  the  constant  high  power  production  from  CHP  plants  even  in  periods  with  low  
power  prices  could  partly  be  balanced  by  export/extensions  of   transmission  connections   to   for  
instance  Norway,  Germany  and  England.  However,  as  the  Nordic  excess  electricity  production  
is  expected  to  be  considerable,  approx.  45  TWh  by  the  year  2020  or  more  than  the  current  Danish  
electricity  demand  (approx.  35  TWh),  a  high  electricity  demand  would  be  needed  to  absorp  this  
excess  electricity.  As  Norway,  Germany  and  England  also  expand  their  wind  power  production  
                                                                                                 
67 The so-called ‘shortening of supply’ offers refers to a rejection of part of the supply offered from a power producer, 
although the price offered is the same as the market price (Ea Energy Analysis, 2009d:8).  
68 Recently negative prices have been introduced in order to prevent shortening the supply offers. The potential 
consequences of negative prices will be discussed in Section 6.1.3. 
69 This could both mean up- or downscaling the power production at the suppliers, by for instance using electrical boilers 
in periods of market oversupply of power or by using extra capacity installed in periods of low market power supply.  
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and  as  wind  power  production   in   the  Nordic   countries  has  a  high  degree  of   simultaneity,   the  
Nordic   power   producers   can   expect   very   low   or   even   negative   prices   for   their   exported  
electricity 70   in   periods   with   simultaneous   high   wind   power   production.   Contrary,   an  
inexpensive   counterbalance  of   imported  electricity   cannot  be  expected   in  periods  of   low  wind  
power  production,   especially  not   in  dry  years  with   low  hydropower  production   (Søndergren,  
Interview,  2012;  Danish  District  Heating  Association,  2011a:13).  
  
6.1.3  Recent  Developments  at  the  Nord  Pool  Spot  Market  with  Effect  on  the  
Øresund  Region  
  
Swedish  zone  system  places  the  Øresund  Region  in  the  same  bidding  area  
The   fact   that   also   hydropower   production   is   affected   by   dry   and   wet   years,   and   the   just  
mentioned  higher  demand  for  hydropower  as  a  counterbalancing  energy  source,  has  resulted  in  
a  Swedish  restricted  use  of  hydropower  in  dry  years  in  order  to  be  able  to  supply  the  national  
power  demand.71  This  restriction  has  led  to  unfavourable  trading  conditions  for  Denmark  with  
no   hydropower,   as   the   power   prices  where   found   to   rise   considerable   in   dry   years   (Madsen,  
Interview,  2011;  Danish  Wind  Turbine  Owners’  Association,  2008:2).  However,  in  autumn  year  
2011  a  EU-­‐‑ruling  stated  that  it  is  not  acceptable  to  hold  back  electricity  for  national  gain  (Energy  
Supply,  2011).72  
  
In  order  to  still  benefit  from  their  hydropower  supply  and  to  give  incentive  for  the  regions  with  
a  low  power  production  to  extent  their  capacity,  the  Swedish  Kräftnet  divided  Sweden  into  four  
bidding   areas   with   effect   from   Nov.   2011.   The   bidding   areas   are   divided   after   the   actual  
bottlenecks73  in   Sweden,   and   result   in   higher   average   power   prices   in   Southern   SE   than   in  
Northern   SE,   where   the   hydropower   and   nuclear   power   is   found.74  The   power   prices   in  
Southern   SE   are   now   approximately   similar   to   the   power   prices   of   Eastern   DK,   placing   the  
Øresund  Region  in  a  middle-­‐‑priced  bidding  area  in  between  a  lower  priced  area  in  Northern  SE  
and   a   higher   priced   area   in   Germany   (Søndergren,   Interview,   2012;   Reel   Energi   Oplysning,  
2011:2).  
  
As  Southern  Sweden  is  separated  from  the  rest  of  SE  by  a  bottleneck,  and  this  also  is  the  case  for  
Eastern   DK   and   Western   DK   belonging   to   two   different   bidding   areas,   the   incentive   for  
removing  these  bottlenecks  and  expand  the  capacity  of  the  transmission  cables  is  enhanced.  This  
is   due   to   the   previously   mentioned   energy   company   gains,   when   investing   in   transmission  
systems  connecting  two  bidding  areas  with  a  high  power  price  difference  (Nordpoolspot,  2011).  
Thus,   although   the   four   Swedish   zones   temporarily  moderate   the   price   lowering   effect   of   the  
Northern  hydropower,  an  incentive  is  given  to  expand  the  transmission  capacity  from  Northern  
SE   to   Southern   SE,   which   would   also   lower   the   power   prices   in   Eastern   DK   (Søndergren,  
                                                                                                 
70 Negative prices will be explained in the following Section.  
71 Dams in conjunction with the hydropower facilities allow Sweden to hold back the hydropower for shorter periods. 
72 The EU ruling was a consequence of complaints from the Danish Energy Association (Ren Energi, 2011:2).  
73 Refering to sections of the electricity system with lower capacity than the surrounding system.  
74 The price difference is estimated to approx. 0,05 SEK/KWh; for most of the year the power price may be more or less the 
same (Svenska Kraftnät, 2011), but in periods of low hydropower supply or transmission breakdown Southern Sweden is 
more vulnerable with the new zone system than before.  
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Interview,  2012).    
  
As  mentioned   in  Section  5.2.2,   the   two  Danish  bidding  areas  were  connected   in   the  year  2010,  
decreasing   the  periods  of  peaking  power  prices   in  Eastern  DK,  but  with   too   small   capacity   to  
affect  the  power  price  level  in  Eastern  DK  in  general  (Ingeniøren,  2010).  
  
Negative  prices  on  the  Nord  Pool  Spot  Market  give  incentive  to  adjust  power  production    
As  mentioned  previously,  the  Nord  Pool  Spot  Market  has  occasionally  been  forced  to  reject  part  
of   the   electricity   supply   offers   even   though   the   price   offered  was   similar   to   the  market   price.  
This   situation  occurred   in  periods  with  oversupply  of   electricity  offered   to   the  Nordic  market  
(Ea  Energy  Analysis,  2009d:8).    
  
To  avoid  this  market  rejection,  negative  prices  were  introduced  in  the  year  2009.  This  means  that  
power   producers   either   have   to   pay   for   the   electricity   supplied   to   the   market   or   adjust   the  
production   according   to   the   demand.   As   the   wind   power   producers   have   no   fuel   costs,   and  
more  over  in  Denmark  are  guaranteed  a  feed-­‐‑in  tariff,  the  adjustment  will  have  to  come  from  the  
thermal   power   producers.75  The   negative   prices   are   thus   expected   to   give   an   incentive   to   the  
thermal  power  producers  to  adjust  their  production  to  the  demand  (Energinet.dk,  2011g).76  
  
6.1.4  Summary:  The  Nord  Pool  Spot  Market  as  a  balancing  Cooperation?  
  
Within  most   hours   a   trading   system   the   size   of   the  Nord   Pool   System   is   able   to   equalise   the  
power  prices  by   letting  power   flow   from   lower  priced  bidding  areas   to  higher  priced  bidding  
areas,  and  by  extending  the  transmission  capacity  in  the  areas,  where  the  bottlenecks  are  found.    
  
When   very   high   power   prices   occur,   they   are  mainly   found   to   be   due   to   dry   years  with   low  
hydropower   production   or/and   local   bottlenecks   in   the   transmission   system.  Very   low  power  
prices  are  mainly   found   to  be  due   to   transmission   failures  or   to   the  combination  of  high  CHP  
production  and  high  wind  power  production,  especially  in  wet  winters,  when  both  hydropower  
production  and  heat  demand  is  high.    
  
Recently   a   zone-­‐‑division   in   Sweden   has   lead   to   a   similar   power   price   level   in   the   Øresund  
Region,  settled  in  between  the  generally  higher  priced  Northern  Germany  and  the  lower  priced  
Northern  Sweden.  The  zone-­‐‑division  might  give   incentive   to  an  expansion  of   the   transmission  
connection  to  the  lower  priced  Northern  SE.    
  
Negative  prices  have  been  introduced  to  avoid  shortening  supply-­‐‑offers  and  to  give  incentive  to  
a  more  flexible  (thermal)  power  production.    
  
The  interrelationship  between  these  findings  and  the  potential  for  a  more  flexible  energy  system,  
including  TES  options,  will  be  considered  in  Section  9.2.8  and  Chapter  10.    
                                                                                                 
  75 As will be elaborated later, the feed-in tariff is at DKK 0,25-0,63/kWh for wind power producers, which means that the      
   wind power production is ’protected’ from minor negative market prices.  
76 As the wind power producers in Sweden do not recieve a feed-in tariff, the situation is different here, as will be 
discussed in Section 6.3.1. 
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6.2 Short-term Impacts of increased Wind Power on the Nordic 
Energy System 
  
  
6.2.1  Present  Tendency  to  fluctuating  Power  prices  according  to  Wind  
Power  Production  
  
As  discussed  in  Section  6.1,  periods  with  an  oversupply  of  electricity  at  the  Nordic  Spot  Market  
have  already  occurred  and  has  led  to  the  introduction  of  negative  prices,  that  is  expected  to  give  
the  power  producers  incentive  to  adjust  their  production  to  the  electricity  demand.    
  
However,   periods  with   low  wind   power   production   could   also   be   expected   to   have   a   higher  
impact  as  more  wind  power  is  introduced  to  the  Nordic  electricity  market.    
  
On   a   short-­‐‑term   basis,   hydropower   (with   storage   dams)   could   be   expected   to   counteract   the  
periods  of  low  wind  power  production,  as  the  wind  power  share  is  still  relatively  low  compared  
to  the  hydropower  share  in  the  Nordic  energy  system.  Table  5  shows  the  share  of  hydropower  
and  wind  power  production  compared  to  the  electricity  consumption  in  the  Nordic  countries.  77  
  
  
However,  as  the  share  of  wind  power  in  the  Nordic  electricity  system  is  expected  to  be  increased  
considerably  already  towards  the  year  2020,  wind  power  fluctuations  could  be  expected  to  have  
an  occasionally  impact  on  the  Spot  prices.  However,  the  level  of  hydropower  is  at  the  moment  
the  crucial  factor;  the  difference  of  hydropower  supplied  to  the  Nordic  electricity  market  in  dry  
and  wet  years  can  be  as  high  as  100  TWh  (Søndergren,  Interview,  2012).    
                                                                                                 
77 It should be noticed from Table 5 that the electricity consumption in Sweden is considerable higher than in Denmark. 
Compared to the population (approx. 9 mio. in SE and 5,5 mio. in DK), a four times higher electricity consumption in SE is 
notable. The high electricity consumption in Sweden can partly be ascribed to the heavy industry in the country, but also to 
the domestic use of electricity for heating, which is approx. four times higher in SE than in DK (Madsen, Interview, 2011).  
Table 5: Electricity consumption (top) and hydropower production (middle) versus wind power 
production (bottom) in Denmark, Sweden and Norway (TWh). Source: Reduced table from Danish Wind 
Turbine Owners’ Association, 2009:3. 
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The  impact  of  the  intermittent  wind  power  is  already  seen  on  a  monthly  basis  as  a  tendency  to  
fluctuations  in  the  Spot  prices:  When  the  wind  power  generation  is  high,  the  Spot  prices  tend  to  
be  low  and  vice  versa.  An  example  of  these  fluctuations  is  given  in  Figure  10.  
  
  
Still   this   impact   is   only   a   tendency,   as   Figure   10   shows   one   of   the  most   obvious   correlations,  
while  the  rest  of  the  year  (2011),  this  correlation  is  less  significant.78  An  analysis  of  the  years  2003  
and  2006  supports  this  tendency  of  higher  Spot  prices  in  periods  of  low  wind  power  production  
and  vice  versa   (Sharman,  2007:26-­‐‑27).  However,  very  high  and  very   low  power  prices  are  still  
quite   seldom   –   in  DK   occurring   in   less   than   1%   of   the   hours  measured   (Ea   Energy  Analysis,  
2009b:35).79  Minor   power   price   fluctuations   only   give   a   small   incentive   to   integrate   flexible  
options   in   the   energy   system  –   as  will   be   reflected   in   Section   7   and   related   to  TES  options   in  
Section  9.2.8.    
  
6.2.2  Initially  Impact  on  Thermal  Power  Production  
  
As  the  prices  on  the  Nord  Pool  Spot  Market  are  set  by  the  lowest  priced  production,  wind  power  
and   hydropower  with   very   low  marginal   costs   are   expected   to   gradually   phase   out   the  most  
expensive   thermal   power   plants   in   the   energy   system   (Danish   Wind   Turbine   Owners’  
Association,  2008:1-­‐‑2;  Søndergren,  Interview,  2012).    
  
As   approximately   47%   of   the   electricity   in   Denmark   and  more   than   90%   of   the   electricity   in  
                                                                                                 
78 This conclusion can be made from reviewing the correlation of the Nord Pool power prices and wind power generation 
during a longer period. For data on other months than the one highlighted here: 
http://www.dkvind.dk/html/nogletal/afregning.html 
79 As previously mentioned very high (>DKK 1/kWh) or very low prices (<DKK 0,05/kWh) are still mainly due to 
bottlenecks in the transmission connections to/from Sweden and Norway and as result of market failures towards 
Germany (Ea Energy Analysis, 2009b:35).   
  
Figure 10: Wind power production compared with hourly price on the Nord Pool Spot Marked for July 
2011 in East DK. The blue curve shows the wind power production (MWh/h) and the black curve shows 
the Spot price (cents/kWh). Source: Energinet.dk, 2011b. 
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Sweden  is  produced  separately,80  the  potential   for  replacing  less  efficient  power  production  by  
wind  power  should  be  considerable  (Danish  Wind  Turbine  Owners’  Association,  2008:2).  
  
This  development  is  already  taking  place,  as  for  instance  a  number  of  the  most  inefficient  power  
plants  in  the  Capital  Area  of  Denmark  are  ‘paused’  -­‐‑  meaning  that  they  are  not  taken  completely  
out  of  production,  but  they  are  used  less  than  before  (Søndergren,  Interview,  2012).    
  
The  more  seldom  the  use  of  power  production  is,  the  higher  operation  costs  could  be  expected.  
Besides  being  a  natural  consequence  of  investment  costs  contra  hours  of  operation,  this  is  also  a  
consequence   of   the   mechanisms   of   the   liberalised   Nordic   electricity   market,   where   few  
economical  benefits  from  investing  in  production  capacity  for  the  ‘coldest  hour’  results  in  peak-­‐‑
load  plants  that  are  old/not  well  maintained  and  have  a  lower  efficiency.  Moreover,  as  they  have  
to  react  fast  in  case  of  need  for  additional  power  they  typically  operate  on  expensive  fossil  fuels  
(Ea  Energy  Analysis,  2007:86/91).  
  
6.2.3  Summary:  Short-­‐‑term  Impacts  of  increased  Wind  Power  on  the  Nordic  
Energy  System    
  
Presently   the   correlation   between   wind   power   fluctuations   and   Nordic   Spot   prices   only  
constitutes  a  tendency  that  is  more  obvious  in  some  months  and  years  than  in  others.  In  a  short-­‐‑
term  perspective,  the  high  share  of  storable  hydropower  in  the  Nordic  electricity  system  can  be  
expected   to   stabilize   the  power  prices   in  periods   of   low  wind  power  production.  The  present  
fluctuations  in  the  Nordic  power  prices  were  mainly  found  to  be  due  to  changes  in  hydropower  
production   in   ‘dry’   and   ‘wet’   years,   and   can   only   to   a   smaller   extent   be   ascribed   to   the  
fluctuations  of  wind  power.    
  
However,  the  most  expensive  thermal  power  production  facilities  in  the  Nordic  energy  system  
are  already  affected  by  the  increased  periods  with  low  or  even  negative  electricity  market  prices.  
As  also  base-­‐‑load  power  facilities  gradually  are  taken  out  of  production  for  longer  periods,  the  
peak-­‐‑load  power  production  costs   rise,  which  could  be  expected   to   impact   the  power  price   in  
periods  of  low  wind  power/hydropower  production.    
  
The  potential  long-­‐‑term  impacts  of  this  development  will  be  discussed  in  the  next  section.    
  
  
    
                                                                                                 
80 As outlined in Chapter 5. 
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6.3 Long-term Impacts of increased Wind Power on the Nordic 
Energy System 
  
  
6.3.1  Higher  or  lower  Market  Power  prices  in  a  long-­‐‑term  Perspective?  
  
Long-­‐‑term  impacts  on  the  market  power  prices  are  associated  with  high  uncertainty,  as  they  are  
influenced   by   many   more   or   less   unpredictable   factors.   However,   a   number   of   potential  
tendencies  could  be  made  probable.    
  
Section  6.2  showed  a  short-­‐‑term  tendency  to  a  decrease  in  the  use  of  thermal  power  production  
due  to  the  lower  priced  wind  and  hydropower,  and  subsequently  a  more  expensive  peak-­‐‑load  
power   capacity/capacity   for   hours   with   low   wind/hydropower   production   –   a   tendency   that  
could  be  increased  by  the  introduction  of  negative  prices  on  the  Nord  Pool  Spot  Market,  at  least  
until  especially  a  more  flexible  CHP  production  is  established.    
  
In  a   long-­‐‑term  perspective   the   increased  share  of  wind  power   in   the  Nordic  electricity   system  
ought   to  have  a   lowering  effect  on  the  Spot  price   level,  due  to   the   low  marginal  costs  of  wind  
power   (and   hydropower)   production.  However,   if   no   alternatives   are   found   to   the   still  more  
expensive   power   production81,   the   average   electricity  market   prices   could   be   expected   to   rise.  
This  is  not  only  due  to  the  expensive  peak-­‐‑load  capacity/capacity  for  hours  of  low  wind/hydro  
production,   but   also   due   to   the   expected   rising   fuel   prices   on   coal   and   biomass   (Søndergren,  
Interview,  2012).    
  
This  price  development  is  for  instance  reflected  in  a  prognosis  from  the  Danish  Energy  Agency,  
illustrated  in  Figure  11.    
                                                                                                 
81 Referring to the already on-going gradual decreased use of thermal power production and thus a relatively more 
expensive capacity for peak load/low wind/hydropower production, as mentioned previously.  
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Figure   11   shows   a   gradually   rise   in   the   Spot   prices   only   affected   by   three   periods   of   price  
decrease,  when  new  Finish  nuclear  plants  are  expected  to  be  put  into  operation  by  the  year  2014,  
2021  and  2024  (Danish  Energy  Agency,  2011j:  4).    
  
However,   the   accuracy   and   relevance   of   ‘average   year   prognoses’   based   on   the   current  
conditions  might  be  low  in  a  long-­‐‑term  perspective.  The  Danish  Energy  Agency  tries  to  illustrate  
the  “average  price  for  normal  years  with  average  wind  and  hydropower  production  and  average  number  
of   power   breakdown”   (Danish   Energy  Agency,   2011j:4).   These   assumptions   could   be   questioned  
for  a  number  of  reasons:  
  
Firstly,  as  wind  power  production  is  increased  in  addition  to  the  already  high  hydropower  
production  and  on   the  expense  of  part  of   the   thermal  power  production,  more  significant  
impacts   on   power   prices   could   be   expected   especially   in  wet/dry   years.  Also   the   climate  
changes  might  affect  the  frequency  of  wet/dry  years.      
  
Secondly,  it  is  unknown  how  much  and  how  rapidly  the  price  on  biomass  and  coal  will  rise  
and  thus  the  market  power  price  could  be  affected  earlier  than  expected  by  high  fuel  prices.    
  
Thirdly,  partly  as  a  consequence  of  the  first  two  reasons  an  increased  use  of  flexible  options  
such   as   heat   pumps   and   energy   storages   could   gain   a   higher   potential.   These   flexible  
options  could  gradually  lead  to  a  decreased  oversupply  of  electricity  at  the  Nordic  Market.  
  
The  prognosis   from   the  Danish  Energy  Agency   (Figure  11)  does  not   take   these   considerations  
into   account,   and   should   only   be   taken   as   an   expression   for  what   it   is:   A   forecast   of  market  
power  prices  based  on  the  current  market  conditions.    
  
  
Figure 11: Expected power price at the Nord Pool Spot Market. 2009-
prices/MWh for the years 2010, 2015, 2020 and 2025. Average price for normal 
years with average wind and hydropower production and an average number of 
breakdowns. Source: Danish Energy Agency, 2011j:4. 
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A   more   relevant   option   in   this   context   would   be   to   develop   scenarios82  of   the   future   power  
prices  by  assuming  different  changes  in  for  instance  in  the  present  framework,  in  the  frequency  
of  wet/dry   years,   in   the   extent   of  wind   power   introduction   and   in   the   use   of   flexible   options  
such   as   large-­‐‑scale   heat   pumps.   Ea   Energy   Analysis   has   compared   three   scenarios   based   on  
changes  in  the  market  framework  conditions  and  on  different  share  of  RES  in  the  Danish  energy  
production.   These   scenarios   showed   in   short   that   dynamic   tariffs   and   a   higher   share   of   RES  
would   have   a   general   price   lowering   effect   compared   to   a   scenario  with   only  CO2   taxes   and  
other  pollution  directed   taxes   –   and  moreover  dynamic   tariffs   combined  with   flexible   options  
such  as  electrical  boilers  could   lead   to   fewer  price   fluctuations   in  a   short-­‐‑term  perspective   (Ea  
Energy  Analysis,  2009e:26).    
  
The  examples  presented  above  are  meant  to  illustrate  the  uncertainty  associated  with  long-­‐‑term  
energy  planning.  The  learning  here  is,  that  forecasts  of  the  electricity  market  can  hardly  alone  be  
used  for  planning  the  future  energy  system,  but  are  from  a  scenario  perspective  just  one  out  of  
many   development   paths,   that   could   be   radically   changed   if   for   instance   different   political  
framework  options  are  prioritized  –  as  such  they  could  be  meaningful.    
  
As  the  incentive  for  prioritizing  flexible  options  such  as  TES  mainly  depends  on  the  differences  
of   high   and   low  power   prices   and   the   rise   in   heat   prices,   an   analysis   relevant   to   the   need   of  
flexible  options  would  reflect  the  impact  of  implementing  different  flexible  options  in  scenarios  
that  also  considered  wet  and  dry  years  -­‐‑  as  well  as  shorter  periods  illustrating  the  fluctuations  of  
high   or   low   wind   power   production.   Although   an   analysis   like   this   would   not   be   easy   to  
conduct,  it  would  be  a  better  base  for  discussing  the  future  power  prices,  than  a  simple  forecast  
like  the  one  presented  by  the  Danish  Energy  Agency.    
  
6.3.2  Long-­‐‑term  Impacts  of  the  increased  Share  of  Wind  Power  on  the  
Nordic  Heat  Sector  
  
As   discussed   in   Section   6.3.1,   long-­‐‑term  power   prices   are   extremely   difficult   to   predict   –   and  
prediction  would  for  many  purposes  not  be  the  right  base  for  discussions  either.    
  
However,   it  was  argued  that  an  increased  share  of  wind  power  in  addition  to  an  already  high  
share  of  hydropower  would  in  a  long-­‐‑term  perspective  eventually  have  a  general  price  lowering  
effect  on  the  power  prices.    
  
As   the   energy   system   in   the   Øresund   Region   is   highly   dependent   on   cogenerated   heat   and  
power  production,  also  the  heat  production  is  affected  by  high  or  low  power  prices.    
  
Figure   12   illustrates   a   simplified   model   of   the   power   price   impact   on   the   heat   sector.   It   is  
assumed  here  that  the  increase  in  wind  power  will  eventually  lower  the  average  power  price.  
    
  
                                                                                                 
82 See Section 4.2 for a clarification of Scenario Analysis.  
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Although   Figure   12   is   a   simplification,   as   it   for   instance   does   not   account   for   a   potential  
transitional   period   with   a   more   expensive   thermal   power   production,   it   does   illustrate   an  
important  point:  A  more  expensive  heat  production  could  be  expected  if/when  CHP  production  
is  affected  by  lower  power  prices  from  wind  power  combined  with  hydropower.83  Higher  heat  
prices   would   enhance   the   potential   for   flexible   options   like   TES,   and   eventually   also   for  
alternatives   to  CHP  production.  Off   course   also   the   future  heat   and  power  demand   influence  
this   development;   if   for   instance   the   heat   demand   is   decreased   by   e.g.   heat   pumps   or   more  
energy  efficient  buildings,  the  increase  in  heat  prices  could  be  expected  to  be  less  significant.    
  
How   the   demand   for   DH   is   affected   by   higher   heat   prices   combined   with   a   potential  
replacement   of   part   of   the   CHP   production,   depends   on   the   heat   production   alternatives  
prioritized.  If  for  instance  large-­‐‑scale  heat  pumps  are  prioritized,  it  could  be  most  feasible  to  use  
them   in   conjunction   with   the   existing   DH   system.84  Contrary,   if   small-­‐‑scale,   domestic   heat  
pumps   are   prioritized,   they   might   decrease   the   expansion   and   use   of   DH   especially   in  
decentralised  areas  (Ea  Energy  Analysis,  2009a:8/9).    
  
However,  the  use  of  DH  has  many  advantages  in  a  future  energy  system  for  instance  it:  
  
- Supports  the  introduction  of  RES  such  as  geothermal  energy  and  solar  energy    
- Supports  the  use  of  industrial  excess  heat    
- In  itself  comprise  a  major  thermal  storage  potential  that  can  be  expanded  by  installing  TES  
options  and  be  adjusted   to   the   fluctuations  of  wind  power  by   large-­‐‑scale  electrical  boilers  
                                                                                                 
83 As reviewed in the previous chapter 80% of the DH in Denmark and 52% in Sweden is produced in cogeneration with 
electricity. DH supplies approx. 60% of the total heat demand in both Denmark and Sweden.  
84 Or even support the CHP production in a transitional period as wind power gradually phase out thermal power 
production, by making use of the existing storage tanks installed in conjunction with the CHP plants. This solution will 
be reviewed in the following Analysis Part B.    
Figure 12: The impact of a thermal based electricity system compared to a wind power based electricity 
system. ‘Based’ = the power generation type that sets the power price most hours a year. Reshaped model 
based on Ea Energy Analysis, 2009a:8. 
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and  heat  pumps  
- Has  the  advantage  of  economy  of  scale  compared  to  domestic  heating  options  
                (IDA,  Danish  District  Heating  Association,  2011a)  
  
The  most  likely  scenario  would  probably  be  a  combination  of  large-­‐‑scale  and  domestic  flexible  
options  in  combination  with  a  DH  system  that  might  not  be  expanded,  but  still  is  widespread  in  
the  Øresund  Region  (Søndergren,  Interview,  2012).85  
    
6.3.3  Summary:  Long-­‐‑term  Impacts  of  increased  Wind  Power  to  the  Nordic  
energy  system  
  
Long-­‐‑term  impacts  of  wind  power  to  the  Nordic  energy  system  are  very  uncertain.  The  already  
on-­‐‑going   decrease   in   thermal   power   production86  and   the   expected   rise   in   fuel   prices   could  
initially  lead  to  higher  average  power  prices,  while  in  the  long-­‐‑term,  the  increased  share  of  wind  
power  in  combination  with  the  already  high  share  of  hydropower  ought  to  lead  to  lower  power  
prices  –  especially  if  alternatives  are  found  to  the  expensive  separate  thermal  power  production.    
  
The  heat  sector  can  be  expected  to  be  influenced,  when/if  heat  is  no  longer  a  cheap  by-­‐‑product  of  
electricity  production  –  which  could  be  the  case,  if  wind  and  hydropower  production  lower  the  
Spot  prices  enough  to  affect  the  CHP  production.  DH  was  found  to  still  be  a  favourable  option  
in   combination  with   for   instance   geothermal   and   solar   energy,   and   in   combination  with   TES  
options,  even  when  domestic  heating  options  such  as  heat  pumps  increase.87  
    
6.4  Specific  Impacts  in  the  Øresund  regional  Energy  System  
  
The   high   share   of   CHP   production   in   the  Øresund  Region  will  most   likely   lead   to   an   excess  
power  production  with  the  increased  share  of  wind  power.  However,  as  the  CHP  facilities  are  
very  energy  efficient   (=  operate  with   lower  production  costs),   they  can  be  expected   to  operate  
longer  than  the  separate  thermal  power  capacity  supplying  the  Nord  Pool  System.  
  
In   Denmark   CHP   facilities   use   the   integrated   heat   storage   tanks   (Tank   TES)   to   regulate   the  
energy   production.   When   power   prices   are   high,   the   CHP   facilities   produce   energy   at   full  
capacity,   while   storing   excess   heat   at   the   storage   tanks.   This   storage   option   allows   the   CHP  
producers  to  occasionally  stop  the  production,  when  power  prices  are  low,  while  still  delivering  
heat88  (Danish  District  Heating  Association,  2011a:12).    
  
The  storage   tanks  support   the   increase   in  wind  power  production,  as   the   low  power  prices   in  
shorter  periods  with  high  wind  power  production  could  be  followed  by  a  temporary  stop  in  the  
                                                                                                 
85 However, the use of DH should be evaluated against the use of gas and domestic options for electricity for heating, as will 
be considered later.  
86 Followed by a more expensive seldom-used power production capacity as described in Section 6.2.2. 
87 The use of domestic heat pumps has been increasing during the last couple of years, as will be clarified in Analysis Part B.  
88 With the earlier mentioned Danish ‘obligation-to-connect’ policy, the CHP plants have an obligation to deliver heat to 
the consumers. 
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operation  of  CHP  plants   –   thus   avoiding   the   excess  power  production.  However,   as   the  CHP  
tanks  only  provide  storage  capacity  for  about  6-­‐‑8  hours,  longer  periods  with  heavy  wind  power  
production/high  hydropower  production,89would  call  for  more  flexibility  in  the  CHP  production.  
Moreover  this  solution  does  not  benefit  from  the  periods  of  the  low  power  prices,  it  only  avoids  
excess   power   production.   In   Analysis   Part   B   the   combination   of   Tank   TES   with   electricity  
consuming  heat  pumps  will  be  considered.  
  
The   potential   of   a  more   flexible  CHP  production   is   enhanced   by   the   introduction   of   negative  
prices  at  the  Nord  Pool  Spot  market,  as  wind  power  producers  in  DK  are  guaranteed  a  feed-­‐‑in  
tariff   for  their  production,  while  CHP  producers  have  to  regulate  their  production  accordingly  
creating   a   need   for   expensive   back-­‐‑up   heat   capacity,   in   periods   when   CHP   production   is  
downscaled  (Lafferty  &  Ruud,  2008  in  Harris,  2011:12).    
  
In  Sweden,  with  a  broadly  deregulated  heat  sector,  CHP  producers  may  make  a  profit  from  both  
electricity   and   heat   production,  meaning   that   they   could   to   a   certain   extent   increase   the   heat  
price,   instead   of   pausing   the   total   production,  when   the   power   price   is   low   (Lauersen,   2011).  
Moreover,   the  wind   turbine  owners  do  not   receive  a   feed-­‐‑in   tariff   for   the  electricity  delivered,  
but   instead   a  Green  Certificate   system   is   used   (Swedish  Government,   2010:80).90  Contrary   the  
Danish   feed-­‐‑in   tariff,   the  Green  Certificate   Policy   does   not   reward   the  RE  producers   for   each  
kWh  supplied  and  thus   the  prospect  of   low  or  negative  electricity  market  prices  could  also  be  
expected  to  put  a  pressure  on  RE  producers  to  down-­‐‑scale  their  production.  
  
As  mentioned  in  Section  6.4,  Southern  Sweden  has  a  higher  import91  of  electricity  (approx.  23%),  
while  for  Eastern  Denmark  the  ‘import’  share  is  much  lower  (approx.  0-­‐‑14%).  This  means,  that  
Southern   SE   is   more   dependent   on   the   Spot   price,   and   thus   more   vulnerable   to   Spot   price  
fluctuations  compared  to  Eastern  DK.      
 
7. Summary Analysis Part A 
  
Based  on  the  findings  from  Chapter  6,  the  potential  impact  of  the  increased  share  of  wind  power  
in  the  Nordic  energy  system  can  be  related  to  the  Øresund  regional  energy  system.    
  
Table   6   is   a   refinement   of   Figure   12   presented   previously,   that   illustrated   the   impact   of  
respectively   a   thermal   based   electricity   production   and   a   wind   power   based   electricity  
production.92    
                                                                                                 
89 Referring to the potential long-term impact of increased wind power, where fluctuating energy sources deliver a main 
part of the electricity at the Nord Pool Spot Market, and especially periods with low hydropower production can be 
expected to be more significant if taking place simultaneously with low wind power production.  
90 All electricity suppliers are obligated to prove that part of their production derives from RES, either by own production 
or by purchasing certificates from other suppliers, as will be reviewed in Analysis Part B.  
91 Also including ’import’ from other regions in Sweden.  
92 ‘based’ = the power generation type that sets the power price most hours a year.  
 
  
  
  
  
Main power production 
method 
Impact on Nord Pool 
power prices in ØR 
Most feasible energy 
production method in ØR 
Impact on heat prices in 
ØR 
Analysis Part B: 
Potential for 
flexible options 
Thermal plants have the 
highest impact on the 
power price 
 
Power prices according to fuel 
costs and to dry/wet years. 
Dry/wet years are widely 
counterbalanced by thermal 
power production.  High 
average power prices. 
CHP production dominates in the 
Øresund Region. 
 
Heat is a cheap by-product from 
electricity production. 
 
Minor incentive for 
hourly flexibility in 
heat production in 
order to export 
electricity when prices 
are highest. 
Wind/hydro power 
gradually replaces thermal 
power production  
 
Gradually more fluctuating 
power prices, fluctuations are 
still mainly dependent on 
hydropower production. 
 
As the periods with more low 
market power prices increases, 
the more expensive thermal 
power production is gradually 
phased out.  
This could initially lead to  
higher average power prices due 
to the more costly thermal 
power production/rising fuel 
prices. 
CHP production still dominates in 
the Øresund Region assumed they 
are able to export the excess 
electricity most hours. Incentive is 
given to improve transmission 
connections, when price differences 
in bidding areas are high. 
 
However, increased wind power in 
neighbouring countries, power price 
fluctuations and negative prices 
enhance the incentive for flexible 
energy production. This could either 
support CHP production or partly 
replace it. 
Heat prices are initially not 
affected as only the most 
inefficient thermal power facilities 
are phased out, while the CHP 
production remains.   
 
When the economy of CHP 
producers is affected, higher heat 
prices can be expected if heat is 
increasingly produced separate 
from electricity.  
Additional incentive 
for flexible CHP 
production as the 
power price differences 
are increased especially 
between periods with 
low hydro/low wind 
production and high 
hydro/high wind. 
 
Wind/hydro power has 
partly replaced thermal 
power production  
Lower average electricity 
market price in a long-term 
perspective due to low marginal 
costs on hydro/wind power. 
A higher share of separate heat and 
power production e.g. from 
geothermal energy, biogas and solar 
energy.  
If business as usual: Higher heat 
price as the CHP capacity is 
reduced. Otherwise depending on 
the heat sources introduced, the 
use of flexible options and the 
heat demand.  
Need of more stable 
(separate) heat capacity 
and flexible electricity 
capacity.  
Table 6: The potential impact of increased wind power to the production methods and the energy prices in 
the Øresund regional energy system. Own model based in the findings from Analysis Part A.  
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It   should  be  highlighted   that   the   findings  presented   in  Table   7   are  not   seen  as  predictive,   but  
rather   serves   as   a   basis   for   discussing   potential   impacts   of   more   fluctuating   energy   in   the  
Øresund   regional   energy   system   and   the   options   to   counterbalance   these   impacts.   This   is   for  
instance   obvious,   when   focusing   at   the   second   phase   where   wind/hydro   power   gradually  
replaces  thermal  power  production  –  previously  found  to  be  the  present  phase  of  the  Øresund  
Region.   In   this   phase,   the   already   existing   differences   between   dry   and   wet   years   could   be  
enhanced  in  periods  of  low/high  wind  power  production.  The  impact  on  the  electricity  and  heat  
prices  depends  on  whether  periods  of  low/high  wind  and  hydropower  are  increasingly  covered  
by  expensive  separate  power  production  (as  expected  in  the  prognosis  from  the  Danish  Energy  
Agency   illustrated   in   Figure   11)   or   transmission   cables   are   extended   and   flexible   options   are  
introduced.    
  
This  is  one  reason  why  also  forecasts  should  be  seen  as  one  out  many  possible  developments,  as  
discussed   in   Section   6.3.1.   In   a   liberalised   energy   market,   the   incentive   for   investing   in  
transmission   cables   are   driven   by   the   price   difference   of   lower   and   a   higher   priced   bedding  
areas  –  and  besides  changes  in  energy  prices  also  legal  frameworks  affect  the  market  penetration  
of  flexible  options,  as  will  be  discussed  in  Analysis  Part  B.    
  
Analysis   Part   A   showed   a   number   of   similar   Øresund   regional   conditions,   pointing   at   a  
potential  similar  response  to  the  increased  wind  power  production  on  the  Danish  and  Swedish  
side  of  Øresund:    
  
• The  Øresund  Region  is  placed  within  one  Nord  Pool  Spot  bidding  area  with  approximately  
the   same   price   level.   The   bidding   area,   that   the  Øresund  Region   belongs   to,   is   placed   in  
between  a  generally  lower  priced  northern  area  and  a  higher  priced  southern  area,  making  
the  Øresund   regional   power   prices   dependent   on   the   electricity   demand   and   production  
found  in  these  areas.93  
  
• The  Øresund  Region  has  a  no  hydropower  and  nuclear  power  and  only  a  limited  supply  of  
biomass.  Moreover   the   transmission   connections   to  Western  DK,  Germany   and  Northern  
Sweden  are  limited,  leaving  the  region  more  dependent  on  Spot  prices.  
  
• The  Øresund  Region  is  characterised  by  a  high  share  of  CHP  production  that  is  expected  to  
be  affected  later  by  lower  market  power  prices  than  more  inefficient  power  production,  but  
contrary  also  produce  excess  electricity,  when  the  heat  demand  is  high  simultaneously  with  
the  wind  power  production.  
  
• Both   Southern   Sweden   and   Eastern   Denmark   currently   use   Tank   TES   to   provide   hourly  
flexibility  to  the  CHP  production.  
    
    
  
  
                                                                                                 
93 An example was previously given, where a dry year led to low northern hydropower followed by German 
electricity ’floating’ north, rising the power prices on its way. An extension of the cables in Mid Sweden, currently 
creating a bottleneck, could lead to cheaper power prices in the Øresund Region, as previously mentioned.  
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However,   also   a   number   of   differences   in   the   energy   systems   in   Eastern   Denmark   and  
Southern   Sweden   were   found,   that   may   influence   the   development   of   the   two   regions  
differently:    
  
• Southern  Sweden  ‘imports’  approx.  23%  of  the  electricity  consumed  compared  to  an  import  
of  0-­‐‑14%  in  Eastern  Denmark.  
  
• Sweden  has  a  more  widespread  alternative  heat  production  compared  to  Eastern  DK.  For  
instance   large-­‐‑scale   heat   pumps   are  more  widespread   in   SE,  while   also   experiences  with  
large-­‐‑scale  geothermal  heating  are  more  profound.  
  
• Danish  CHP  production   is   restricted  by   the   ’no  profit-­‐‑no   loss’   legislation,  which  does  not  
apply  to  Swedish  CHP  production  that  may  charge  more  for  the  heat  produced  in  case  of  
lower  market  power  prices.  
  
• The   need   for   new   heat   production   is   expected   to   be   high   in   the   Danish   Capital   Region  
especially   from   the   year   2027,  when   a  major   part   of   the   present  CHP   capacity   should   be  
replaced.  In  Southern  Sweden  a  number  of  relatively  new  CHP  plants  and  a  heat  surplus  is  
expected.    
  
• Danish  wind  power  producers  gain  a  feed-­‐‑in  tariff  for  their  production,  while  in  Sweden  an  
increased  RE  production   is   supported   by  Green  Certificates.   This  was   found   to   be   to   the  
benefit  of   the  Danish  wind  power  producers  as  they  also  have  an  advantage  of  providing  
power  even  when  the  market  price  is  very  low  or  negative.    
  
In  what  way   these  differences  may   influence   the  need  of   flexibility   in  Eastern  Denmark  and  
Southern  Sweden  is  not  obvious.  At  first  sight,  the  lower  share  of  locally  produced  electricity  in  
Southern  SE  makes   this   region  more  vulnerable   to  power  breakdowns   in   for   instance  Mid-­‐‑SE.  
However,  the  power  consumption/heat  production  in  Southern  SE  is  already  more  flexible  than  
in  Eastern  DK,  as  it  is  combined  with  a  number  of  large-­‐‑scale  heat  pumps.  Contrary  Eastern  DK,  
Swedish  CHP  producers  are  also  allowed   to   temporarily   raise  heat  prices,  when  power  prices  
are   low   or   negative,   and   they   are   not   in   competition  with   feed-­‐‑in   tariffs   giving  wind   power  
producers  in  DK  an  advantage  in  periods  with  low  or  negative  Spot  prices.  
  
These   circumstances   are   not   seen   as   especially   favourable   to   the   integration   of  more   RE,   but  
merely  as  factors   that  may  lead  to  regionally  variable  responses  to  the   impact  of   the   increased  
share  of  wind  power  as  presented  in  Table  7.    
  
The  interrelationship  between  the  trends  presented  here,  and  the  flexible  options  presented  in  
the  following,  will  be  considered  in  Chapter  10.  
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Analysis Part B: Flexible Options for a Future RE 
based Energy System 
  
  
Analysis  Part  B  aims  at  answering  the  research  question:  Which  flexible  options  including  thermal  
energy  storage  have  the  potential  to  counterbalance  this  impact  on  a  short-­‐‑term  and  a  long-­‐‑term  basis?  
  
This  will  be  done  according  to  the  two  focal  areas  outlined  in  the  box  above.      
 
8. Increased Electricity Export and separate Thermal 
Energy Production 
 
In  Analysis  Part  A  especially  two  potential  responses  to  the  increasing  share  of  wind  power  in  
the  Øresund   regional   energy   system   has   been  mentioned:   Extended   separate   thermal   energy  
production  and  extended  export  of  electricity.  An  elaboration  of  these  two  options  is  outlined  in  
Appendix  E.    
  
In  the  light  of  the  previous  analysis,  the  option  to  export  electricity  is  important    -­‐‑  especially  in  a  
transitional  period94,  where  wind  power  producers  and   thermal  power  producers  occasionally  
compete  over  the  electricity  demand.  Contrary  regional  ‘import’  of  electricity  also  makes  sense  
in  periods,  when  the  local  power  production  is  low;  especially  the  counterbalancing  potential  of  
hydropower  has  been  highlighted  previously.    
  
Also   an   increase   in   separate   thermal   energy  production   could   be   an   option   in  periods   of   low  
hydro/wind  power,  as  previously  mentioned.        
  
However,   attempts   to   reduce   a   high   dependency   of   electricity   import/export   and   a   widely  
expansion  of  separate  thermal  energy  production  could  be  recommendable  for  reasons  reflected  
in  Appendix  E.  In  short  these  are  mainly:  
  
Reasons   to   reduce   the   dependency   on   export/import   of   electricity:   When   wind   power  
production   is   increased   in   the  Nordic   countries  and   in  Germany,  and  all   countries  depend  on  
export   in   times   of   excess   electricity/heavy   wind,   simultaneity   in   the   wind   power   production  
could  lead  to  market  power  price  fluctuations/low  or  negative  prices.  As  mentioned  previously,  
                                                                                                 
94 Transitional refers to Table 6, the middle/present phase where CHP production is not yet affected by the 
occasionally lower Spot prices and no flexible options have been installed at the CHP facilities.  
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Energy System 
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this  is  especially  the  case,  when  hydropower  production  is  also  high.  A  simultaneous  low  power  
production   in  periods   could  also  be  expected  with  more  wind  power   in   the  Nordic   electricity  
system;  in  this  case  the  demand  for  hydropower  from  the  neighbouring  bidding  areas  could  also  
be   high   at   the   same   time,   followed   by   increased   power   prices,   especially   if   the   hydropower  
supply   is   low.   However,   an   import   might   still   be   the   most   feasible   alternative   as   separate  
electricity  production  is  costly  due  to  its  high  inefficiency.  But  periods  with  excess  electricity  and  
low/negative  market  power  prices  may  also  give  incentive  for  a  partly  local  use  of  electricity    
for  other  purposes.    
  
Reasons   to   reduce   the   dependency   of   separate   thermal   energy   production:   A   broad  
replacement   of   CHP   production   with   separate   thermal   energy   production   will   reduce   the  
benefits   from   the   co-­‐‑generation  of  heat   and  power   that   could  have  been   sustained  by  making  
use   of   flexible   options   like   large-­‐‑scale   heat   pumps   and   TES.   In   a   long-­‐‑term   perspective,   an  
expected  increase  in  the  fuel  prices  of  coal/biomass,  and  potentially  also  in  the  CO2  quota  prices  
could  moreover   call   for   alternatives   to   the   current   thermal   energy  production   such   as   biogas,  
solar  energy  etc.  
  
It   should   be   highlighted   again,   that   regionally   power   import/export   and   separate   energy  
production  are  important  parts  of  the  future  Øresund  regional  energy  system.  It  would  be  hard  
to  imagine  an  Øresund  regional  energy  system  solely  covered  by  wind  power,  heat  pumps  and  
geothermal  energy;  thermal  power  production  would  be  necessary,  as  a  minimum  for  peak  load  
periods/periods  with  low  hydro/wind  power  production  (Søndergren,  Interview,  2012).    
  
Similarly   a   fully   RE   based   Øresund   regional   energy   system   would   to   a   high   extent   call   for  
counterbalancing   import   and   export   of   power   from   neighbouring   bidding   areas   –   and   if   the  
transmission  cables  in  Europe  are  extended,  this  option  may  be  even  more  favourable.  
  
The  point  made  here  is  mainly,  that  there  are  also  reasons  for  reducing  the  dependency  on  these  
options   to   counterbalance   the   wind   power   fluctuations.   If   it   is   prioritized   to   reduce   the  
regionally   increase   in   electricity   export/import   and   separate   thermal   energy   production,   the  
incentive  to  create  a  more  flexible  energy  system  could  be  further  enhanced.    
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9. Flexible Options to address the Impact of 
increased Wind Power to the Øresund regional 
Energy System 
 
 
9.1 Overview of flexible Options and Criteria for Evaluation 
  
Several  flexible  options  to  balance  an  energy  system  with  more  fluctuating  energy  sources  have  
been  proposed  by  various  stakeholders.    
  
As  mentioned   in   the  Methodology  Chapter,   flexible  options  refer   to   the   interdependent  use  of  
technical  options  and  framework  options:    
  
Technical  flexible  options  make  it  possible  to:    
• use  electricity  for  heating  when  the  power  price  is  low  
• produce  electricity  when  the  power  price  is  high  
  
Framework  options  support  the  technical  options  by  providing:  
• taxes  on  undesirable  production  methods  and  fuels  
• feed-­‐‑in  tariffs  for  desirable  production  methods  and  fuels  
• market  design  of  dynamic  prices  and  consumption95    
  
In  accordance  with  the  prioritization  presented  in  Section  3.2.4,  a  number  of  options  will  be  
evaluated  in  the  following:  
  
• Energy  Storage,  especially  focusing  at  TES  
• Optimal  RE  combination:  The  balancing  effect  of  Gas,  Solar,  Hydro  and  Geothermal  Energy  to  Wind  
Power  
• From  Electricity  to  Heat:  Large-­‐‑scale  Heat  pumps  and  Electrical  Boilers  
• Extension  of  the  Energy  Infrastructure  Capacity:  Combined  DH  Systems  
• Consumer  Options  for  Flexibility    
• Extension  of  the  Energy  Infrastructure  Capacity:  Combined  DH  systems  
• Dynamic  Market  Options  for  a  more  Flexible  Energy  System  
  
The  technical  options  will  be  evaluated  according  to  four  criteria:  Flexibility,  energy  efficiency  
and   costs,   political   will   and  Øresund   regional   conditions.96  As   indicated   in   the  Methodology  
Chapter,  these  criteria  should  strengthen  the  plausibility  of  the  options  considered;  i.e.  indicate  
that   the   suggested   options   could   take  place   (it   is   possible),   demonstrate   how   they   could   take  
place/already  take  place  (it   is  credible)  and  illustrate  their  implications  for  the  focal  point  (it   is  
                                                                                                 
95 Previously mentioned as a part of intelligent energy systems and smart grid solutions. 
96 Own definition of criteria.    
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relevant)  (Fahey  &  Randall,  1998:7-­‐‑9).  
  
Table  7  gives  an  overview  of  the  criteria  used  in  this  evaluation.    
  
  
  
Analysis   Part   A   indicated   that   the   development   in   electricity   and   heat   prices   affecting   the  
Øresund  Region  is  expected  to  give  incentive  to  different  flexible  options  in  a  short-­‐‑term  and  in  
a  long-­‐‑term  perspective;  this  observation  will  be  considered  by  the  end  of  the  analysis.    
  
 
    
Table 7: Criteria for evaluation of flexible options. Source: Own model.  
Criteria   Focus   Basis  for  evaluation    
Flexibility   How  do  the  options  
provide  flexibility  to  the  
future  energy  system?  
A  literature  review  to  understand  the  flexibility  potential  of  
the  reviewed  option  –  in  addition  to  interviews  with  
regional  stakeholders  giving  examples  of  the  use  of  the  
flexible  options.    
Energy  
efficiency  
and  costs  
Are  the  efficiency  and  cost  
of  the  flexible  option  
comparable  higher  or  lower  
than  for  other  options?  
A  literature  review  to  give  rough  estimates  of  the  flexible  
options  in  order  to  compare  them.  See  reflections  on  the  
comparison  of  storage  efficiency  and  costs  in  the  following  
section.      
Political  
will  
What  are  the  political  
ambitions  for  the  flexible  
options?  
In  Appendixes  C  and  D  a  review  of  the  official  Danish  and  
Swedish  strategies  and  visions  for  the  future  energy  system  
are  presented.    
Øresund  
regional  
conditions  
/conditions  
required  
What  are  the  possibilities  
and  barriers  for  the  options  
under  the  specific  
conditions  in  the  Øresund  
Region?  
Analysis  Part  A  showed  a  number  of  specific  conditions  of  
the  Øresund  regional  energy  system  as  well  as  discussed  
the  potential  impact  of  increased  wind/hydropower  to  this  
region.  These  conditions  will  be  used  to  evaluate  the  
options  for  a  more  flexible  energy  system.  
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9.2  Energy Storage Options in the Øresund Region (thermal, 
electricity and gas)  
  
  
The  focus  on  large-­‐‑scale  energy  storage  options  is  limited  to:    
  
Thermal  energy  storage  (TES):  Tank  TES,  Borehole  TES  (BTES),  Pit  TES  (PTES)  and  Aquifer  TES  
(ATES)    -­‐‑  and  for  comparison  also:  Electricity  Storage  and  Gas  Storage  
  
The  review  of  TES,  gas  and  electrical  storage  showed  that  all  options  exist  on  a  large-­‐‑scale  basis  
in   the  Øresund  Region  except   electrical   storage,   that   is   still   found   to  be   too  expensive   for  up-­‐‑
scaling,  as  will  be  clarified  later.    
  
TES  options,  that  have  a  special  focus  in  this  thesis,  can  basically  be  divided  into  two  ‘families’:    
  
Water  thermal  energy  storage  using  water  as  a  storage  medium,  stored  in  large  tanks  (Tank  
TES),  on  ground  or  buried,  in  water  pits  (PTES)  or  in  rock  caverns.  
  
Underground  thermal  energy  storage  using  groundwater  as  a  storage  medium  (ATES)  or  the  
ground  itself  (BTES)  
  
  
Comparison   of   storage   efficiency   and   costs:   A   special   remark   should   be   made   to   the  
criterion   of   energy   efficiency   and   costs   in   association  with   the   storage   options.   A   number   of  
factors   influence   the   costs   of   the   energy   storage   options.   Namely   the   size   is   important:   How  
much  energy   can  be  discharged  at   one   time   (power)   and  how  many  hours   can  be  discharged  
continuously  (capacity).  But  also  the  efficiency  (how  much  energy  can  be  discharged  compared  
to  the  energy  charged)  and  the  frequency  of  how  often  the  facility  is  discharged  influences  the  
costs  of  the  energy  storage  (ClimateTechWikies,  2011).  The  efficiency  of  TES  depends  on  the  size  
of   the   facility   (in   general   the   bigger   size,   the   less   heat   loss),   the   quality   and   tightness   of   the  
insulation,   the   storage   envelope   area   and   the   difference   in   temperature   between   the   stored  
content   and   the   surroundings   (Fiedler   et   al.,   2004:6).   Some   examples   will   be   given   in   the  
following.        
  
Moreover  external  factors  like  the  temperature  of  the  DH  system  and  costs  associated  with  for  
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instance  the  use  of  heat  pumps  in  conjunction  with  TES  also  affect  the  storage  costs,  as  will  be  
exemplified  in  the  following.    
All   these   factors  mean   that   it   does   not  make   sense   to   estimate   the   costs   of   an   energy   storage  
technology   independently  of   the  way   it   is  used.  A  number  of  examples  of   the  costs  of  specific  
storage  facilities  found  in  the  Øresund  Region  is  given  in  the  following,  but  the  focus  will  be  on  
which  factors  makes  one  storage  option  comparable  more  expensive  than  others.    
This  comparison  would  not  be  enough  to  select  a  storage  option  for  a  specific  setting,  but  as  the  
main  objective  of  this  thesis  is  to  highlight  important  uncertainties  and  options  to  be  considered,  
when  making  choices  for  a  more  flexible  energy  system  in  the  Øresund  Region,  a  rough  
comparison  is  found  sufficient.        
9.2.1  Tank  TES:  Use  and  Potential  in  the  Øresund  Region  
  
Tank  TES   is   the  most   common   storage  option   in   the  Øresund  Region.  The   tanks   are   typically  
installed   in   conjunction  with  CHP  plants   in   order   to   provide   hourly   flexibility   in   production.  
The   flexibility   provided   by   the   tank   storages   is   in   Sweden   mainly   used   for   peak-­‐‑load   heat  
supply   in  order   to  avoid  oversized  CHP  capacity,  while   in  Denmark   the   tanks  have  also  been  
used  in  order   to  gain  from  governmental  determined  changing  heat  prices.  Thus  the  tanks  are  
mostly   installed   in   conjunction   with   smaller   CHP   plants   in   SE,   but   also   in   conjunction   with  
larger  CHP  plants  in  DK  (Lund,  2010:77-­‐‑78).  
  
  
As   the  possibility   to  gain   from  heat  production   in  
Denmark   was   removed   by   the   ‘no   profit-­‐‑no   loss’  
restriction   introduced   in   the   year   1981,   only  
allowing   CHP   producers   to   gain   from   the  
electricity  produced,  the  incentive  to  instead  adjust  
the  CHP  production  according  to  the  power  prices  
was   enhanced.   For   that  purpose   the   storage   tanks  
make  it  possible  to  stop  the  CHP  production,  when  
power   prices   are   low,   while   still   providing   the  
necessary  heat  from  the  storage  tanks  (Bjerringbro  Varmeværk,  2011).  This  potential  could  also  
be  relevant  in  Southern  Sweden,  with  a  high  share  of  CHP  production  and  being  affected  by  the  
same   power   price   fluctuations   as   Eastern   Denmark   –   as   described   in   the   Analysis   Part   A.  
However,  as   the  storage   tanks  are  mainly  used  for  peak-­‐‑load  heat  supply   in  Sweden,   they  are  
most  likely  run  according  to  the  heat  demand  and  may  not  always  be  available  when  beneficial  
according  to  power  prices  (Lund,  2010:77-­‐‑78).  
  
Tanks  could  be  designed  for  seasonal  storage  if  connected  to  solar  panels,  but  compared  to  the  
underground  storage  solutions,   large-­‐‑scale  tank  storage  is  relative  expensive  due  to  the  cost  of  
insulation   and   the   tank   construction   itself   –   moreover   the   space   requirements   for   large-­‐‑scale  
storage   tanks  are  considerable,   compared   to  underground  storage,  where   the  surface  could  be  
used   for   other   purposes   (Danish   Gartners   District   Heating   Association,   2009:32;   Novo   et   al.,  
2009:395-­‐‑96).    
Example of Tank TES use 
In Copenhagen the two CHP with the 
largest energy producing capacity 
(Avedøreværket and Amagerværket) have 
tank storage facilities attached on 
respectively 330 MJ/s and 300 MJ/s for 6-
8 hours of storage (VEKS, CTR, KE, 2009: 
24). The tanks are used to enhance the 
flexibility of the CHP facilities in order to 
only produce, when the power price is 
high. 
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An  alternative  to  Tank  TES,  which  also  provides  the  CHP  plant  short  time  flexibility,  is  Turbine-­‐‑
By-­‐‑pass.  Similar  to  Tank  TES,  Turbine  By-­‐‑pass  systems  makes  it  possible  for  steam-­‐‑driven  CHP  
plants   to  stop   their  electricity  production  partly  or   fully   for  a  short  period  by  using   the  steam  
directly  for  DH  production.  Today  Turbine  By-­‐‑Pass  systems  are  not  widely  used97,  but  they  are  
ascribed   a   considerable   potential   to   downscale   electricity   production   for   shorter   periods   (Ea  
Energy  Analysis  &  Risø  DTU,  2009e:15).    
  
9.2.2  PTES:  Use  and  Potential  in  the  Øresund  Region  
  
PTES   facilities   are   mostly   used   in   Denmark.   Contrary   Tank   TES   option,   PTES   options   are  
feasible  for  large-­‐‑scale  weekly  or  seasonal  storage,  as  the  construction  costs  of  PTES  are  lower.98  
Even  though  usually  placed  underground,  PTES  still  take  up  a  considerable  amount  of  space,  as  
placing   anything   else   on   top   of   the   lid   would   be   questionable   –   for   instance   the   PTES  
constructed  in  an  old  dock  at  the  Northern  Habour  in  Copenhagen  requires  approx.  40.000  m2  
for  solar  panels  (Christensen,  Interview  and  personal  conversation,  2011;  Ellehauge  &  Pedersen,  
2007   in  Harris   2011:26).99  The   space   requirements  might  be   a  barrier   in  most  urban   settings,   if  
existing  basins  are  not  available.      
Only   few   seasonal   PTES   facilities   are   found   in   Denmark,   probably   due   to   the   need   of   solar  
panels  to  maintain  the  heat  level  in  the  pit.  As  will  
be   reviewed   later,   solar   panels   are   still   relatively  
expensive   compared   to   other   heat   sources   and   in  
city  areas  they  also  take  up  a  considerable  amount  
of   space,   although   they   could  be  placed  on   top  of  
the  PTES  facility.    
  
Compared   to   Tank   TES,   PTES   has   a   higher   heat  
loss,  as  the  pit  is  usually  not  insulated  on  the  sides  
due   to   the   normal   insulating   ability   of   the   soil.100  
However,   as   the   heat   loss   in   both   cases   depends   on   the   size   of   the   facility,   the   PTES   has   the  
advantage  of   less  space  requirement  as  usually  established  underground.  This  also  means  that  
although  Tank  TES  may  contain  a  higher  amount  of  heat  per  m3  (Novo  et  al.,  2009:395),  PTES  
can   be   expected   to   have   a   relatively   higher   feasibility,   as   it   looses   less   heat   –   under   the  
precondition  that  the  large-­‐‑scale  potential  of  the  pit  is  utilised.  However,  the  PTES  facility  has  to  
be  rather  large  not  to  loose  a  considerable  amount  of  heat  over  time:  A  pit  sized  50.000  m3  looses  
1°C   about   four   times   as   fast   as   a   pit   sized   350.000   m3   (Danish   District   Heating   Association,  
2010b:153).101    
  
     
                                                                                                 
97 In total approx. 5 GW Turbine By-Pass systems are installed in Denmark; no data was found for Sweden.  
   98 They  do  not  require  the  expensive  insulation  like  Tank  TES  as  they  are  usually  placed  underground.   
99 The investment costs of a project like the one in The Northern Habour (basin of 300.000 m3) is estimated to cost about 
MDKK 100 plus costs of connecting the storage facility to the CHP plant about MDKK 130 (Christensen, personal 
conversation, 2011, data based on analysis conducted by Rambøll Analysis).  
100 It is not mentioned whether an insulation of the pit facility would be feasible, but at a large scale it would probably be 
very costly compared to the advantages of storing heat for a shorter period.  
101 A pit sized 50.000 m3 looses 1°C in approx. 120 hours, while a pit sized 350.000 m3 looses 1°C in approx. 240 hours 
(Danish District Heating Association, 2010b:153).  
Example of PTES use 
An old dock in the Northern Habour in 
Copenhagen is planned to be used for 
storage. This PTES facility will only be 
used for short-term storage as a feasibility 
study showed a greater value if run 
accordingly to CHP production, than 
installing solar panels for seasonal storage 
(Christensen, Interview, 2011).  
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Moreover,  the  efficiency  of  the  PTES  facility  depends  on  the  use  of  heat  pumps  in  order  for  the  
storage  facility  to  operate  at  lower  temperatures  with  less  heat  loss.  If  no  heat  pump  is  used,  the  
PTES  facility  needs  to  operate  at  medium  temperature  (25°C  -­‐‑50°C)  or  high  temperature  (30°C-­‐‑
80  °C)  temperature,  depending  on  the  DH  system.  With  the  heat  pump,  the  storage  facility  may  
operate   at   lower   temperatures   (typically   5-­‐‑35   °C),   thus   loosing   less   heat   (Pahud,   2002:67-­‐‑68).  
Thus  for  the  same  reason  an  option  for  more  efficient  TES  facilities  is  a  lower  DH  temperature  
also  lowering  the  price  /MWh  heat  extracted  (Danish  Energy  Authority,  2010c:9;  Danish  Energy  
Agency,  2010d:158);  an  option  which   is  currently  being  revised  as  part  of   the  Energy  Øresund  
project   as   it   also   has   benefits   for   the   distribution   of   DH   to   energy   efficient   housing   (Harboe,  
personal  conversation,  2011).    
  
Figure  13  illustrates  the  largest  PTES  facility  found  in  Denmark  today.  When  the  pit  is  enlarged  
to  75.000  m3  it  has  investment  costs  corresponding  150  DKK/m3  –  a  very  low  cost  compared  to  
Tank  TES  that  due  to  their  typical  low  capacity  have  investment  costs  corresponding  1300-­‐‑2200  
DKK/m3.  When   the   PTES   facility   in   Copenhagen   is   ready,   it   will   have   a   capacity   of   approx.  
200.000  m3  (Danish Gartner District Heating Association, 2009:33-34).    
  
The  two  examples  illustrates  different  options  for  the  use  of  PTES  as  in  Marstal  the  PTES  facility  
is  combined  with  solar  panels  that  produce  approx.  32.000  MWh/year102,  while  the  main  function  
of  the  PTES  facility  in  Copenhagen  is  to  provide  flexibility  to  the  CHP  production  (Christensen,  
Interview,  2011).    
  
  
Figure 13: Demonstration PTES facility in Marstal, DK. Without and with lid. In the year 2012, the 10.000 m3 
demonstration facility is expected to be enlarged with 75.000 m3 and extended with 35.000 m2 solar panels in 
addition to the already installed 18.000 m2 solar panels. Source: Marstal District Heating, 2011.    
  
Any  obvious  reasons  for  not  using  PTES  in  Sweden  was  not  found  -­‐‑  especially  the  potential  for  
CHP  producers  to  also  gain  from  heat  production,  and  the  fact  that  heat  pumps  are  not  subject  
to   the   same   restrictions   as   in   Denmark   could   be   in   favour   of   the   use   of   PTES   in   Sweden.  
However,  the  previous  successes  with  using  underground  solutions  in  Malmø  (ATES)  and  Lund  
(BTES)103  might  have  overshadowed  the  use  of  the  more  space  demanding  and  less  efficient,  but  
often  cheaper,  PTES.    
  
     
                                                                                                 
  102 PlanEnergy & Intersolar Europe, 2011. 
103 As will be exemplified in the following.  
  74  
9.2.3  ATES:  Use  and  Potential  in  the  Øresund  Region  
  
Contrary   PTES   and   tank   TES,   the   underground   thermal   energy   storage   solutions   ATES   and  
BTES  use  ground  water  or  ground  heat.  The  advantage  of  using  underground  storage  solutions  
compared  to  Tank  TES  or  PTES  is  that  the  soil/groundwater  itself  contains  an  energy  source  that  
can  maintain  the  temperature  in  the  storage.    
  
  
  
The  underground  TES  options,  BTES  and  ATES,  are  mostly  found  in  Sweden.  ATES  depends  on  
an  underground  aquifer,  and  has  been  in  use  for  many  years  in  Sweden.  A  literature  review  did  
not  answer  whether  large-­‐‑scale  aquifer  storage  would  be  possible  in  the  Danish  underground.    
In  Denmark  ATES  and  BTES   facilities   are   in  need  of  heat  pumps   to  upgrade   the  water   to   the  
temperature  of  the  DH  system.  This  is  due  to  a  Danish  regulation  defining  that  the  underground  
temperature   level  must  not  be   above  20°C  where   the  underground  TES   is  placed.  Due   to   this  
resgulation,  heat  derived  from  these  storage  options  always  will  need  a  heat  pump  in  order  to  
upgrade   the   water   to   the   temperature   in   the   DH   system,   which   for   instance   in   the   Danish  
Capital  Region  is  approx.  73°C  (Danish  Gartner  District  Heating  Association,  2009:34).  
In  Sweden,  not  following  this  restriction,  the  underground  water  could  be  up  to  80°C,  thus  no  
heat  pump  is  needed  -­‐‑  but  might  still  be  an  advantage,  as  a  higher  storage  temperature  results  in  
a  lower  heat  loss  –  moreover  underground  TES  facilities  increase  the  COP  of  the  heat  pump  as  it  
can   make   use   of   the   relatively   higher   heat   source   temperature   in   the   underground   storages.  
Thus  ATES   and   BTES   facilities   are   often   combined  with   heat   pumps   in   order   to   increase   the  
efficiency  of  the  total  system  (Lund  Energy,  2002).    
  
In  both  countries,  establishing  underground  storage  facilities  is  more  regulated  than  for  pit  and  
Figure 14: Model of ATES facility. The ATES method 
exploits the constant temperature of the ground water by 
extracting cold water, heating it and transferring it to a 
warm underground ‘well’ keeping the temperature constant 
and ready to extract. This illustration pictures the storage 
used for heating; in summer the reverse process may take 
place to create cooling. Source: Underground Energy, 
2011. 
Example of ATES use 
Although mainly used small-scale for 
buildings, ATES has also been used to 
provide base-load heat for the DH system 
in Lund, not yet on a seasonal basis, but 
this is planned for as the ESS Research 
Center build in Lund by the year 2018 is 
expected to provide a large amount of 
excess heat (Parker, Gierow. 2011 in 
Harris, 2011:24). 
  
Example of ATES use 
In Malmø ATES is used on seasonal basis 
to supply the Western Habour, a part of 
Malmø fully supplied with RE. This 
aquifer stores cold water from the sea and 
excess energy from heat pumps in the 
winter to be used for cooling in the 
summer, and uses another system to store 
excess heat during the summer to be used 
in the winter (Malmø City, 2008b:20).  
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tank   facilities,   as   the  underground  storage  may  conflict  with  drinking  water   interests  –   thus  a  
state   approval   is   obligatory   (Norling,   personal   conversation,   2011;   Danish   Gartner   District  
Heating  Association,  2009:34).  
  
ATES  may  be  more  cost-­‐‑effective  than  BTES,  as  the  installations  costs  are  lower  and  the  heating  
value  of  the  energy  stored  is  higher  (Barth,  2011  in  Harris  2011:25).    
  
9.2.4  BTES:  Use  and  Potential  in  the  Øresund  Region  
  
BTES   is  used   for  storing  hot  or  cold  water   in  underground  geological   formations   led  by  pipes  
50-­‐‑200  meter   under   the   surface  with   a   capacity   to   store   energy   for  months.   BTES   has  mostly  
been  used  at   the   individual  building   level   in  Sweden,  but  can  also  be  used   for  seasonal   large-­‐‑
scale   storage   during   the   summer,   when   the   heat   demand   is   low   (Peterson   &   Barth,   2011   in  
Harris,  2011:23)  (see  example  of  BTES  use  in  Lund  Municipality).    
  
  
  
  
  
  
  
  
  
  
  
  
  
The  initial  costs  of  borehole  storage  are  rather  high,  while  operational  costs  depend  mainly  on  
the  electricity  costs  to  run  the  system  (Stignor  et.  Al.,  2011  in  Harris,  2011:23).    
  
In  Denmark  BTES  has  for  a  long  time  been  seen  as  a  
non-­‐‑feasible   solution   due   to   the   necessity   of   deep  
expensive   drillings   (2-­‐‑3   km   compared   to   200-­‐‑300  
meters   in  SE).  However,  new  experiments   indicate  
that   also   less   deep   drillings   are   possible   in  
Denmark  (Brædstrup  District  Heating,  2011).  
  
  
  
With   the   expectations   to   increase   the   use   of   geothermal   energy,   for   instance   in   Copenhagen  
Municipality,  BTES  is  an  option  to  increase  the  flexibility  of  the  geothermal  facility  –  as  will  be  
discussed  in  Section  9.3.1.  
    
     
Example of BTES use 
Lund Municipality has installed one of the 
largest borehole storage facilities supplying 
heating and cooling for Lund’s University. 
The geothermal system in Lund is at the 
moment being expanded with a seasonal 
storage, which will be taken into operation 
by the year 2014 (Birkedal, personal 
conversation, 2011). 
Figure 15: Model of BTES facility. Cold 
water is circulated through borehole pipes, 
heated by the surrounding constant 
temperature in the underground, and 
subsequently brought to the surface and 
heated by a heat pump. In summertime the 
reverse process may take place to create 
cooling. Source: Underground Energy, LLC, 
2011. 
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9.2.5  Electricity  Storage:  Use  and  Potential  in  the  Øresund  Region  
  
A  review  of  the  potential  of  large-­‐‑scale  electricity  and  gas  storage  options  in  the  Øresund  Region  
was  undertaken  in  order  to  compare  TES  to  other  storage  options.    
  
Electricity  storage  is  not  used  on  a  commercial  viable,  large-­‐‑scale  basis  in  the  Øresund  Region.  
Although   it   is   technical  possible   to   store   electricity   in   large  batteries   and  by  high-­‐‑pressure   air  
storage,   the   costs   associated   with   these   options   are   seen   as   too   high104  -­‐‑   also   in   the   long   run  
towards   2050   (Energinet.dk,   2011c:13).  Moreover   electricity   storage   currently   involves   40-­‐‑50%  
conversion   losses   (Nezhad,  2009:41)   -­‐‑  which  as  earlier  mentioned  could  minimise   the   losses   to  
10%  under  favourable  conditions.    
  
In  Denmark  electrical  cars  are  often  mentioned  as  a  central  element  in  the  future  introduction  of  
RE   –   but   still   only   few   electrical   cars   are   on   the   roads   today   (Danish   Climate   and   Energy  
Ministry,  2010:57).105    
  
Pumped  hydro  storage   facilities  are  utilized   in  Sweden   in  conjunction  with  hydropower  dams  
(Vartiainen,  2011  in  Harris,  2011:21).  But  as  Southern  Sweden  only  relies  on  hydropower  so  far  
as   part   of   the   electricity   is   received   from   the  Northern   parts   of   Sweden,   this   is   not   an   option  
relevant  to  the  Øresund  Region.    
  
Finally  a   less  developed  method   to   store   electricity   is  hydrogen  production.  Hydrogen  can  be  
stored  and  later  converted  to  electricity  and  heat  in  a  fuel  cell,  when  the  energy  demand  is  high.  
The  advantage  of  hydrogen  storage  is  that  it  is  able  to  store  energy  from  many  types  of  energy  
sources;   for   instance   Norway   has   the   world’s   first   full-­‐‑scale   hydrogen   storage   based   on  
electricity   from  windmills   (H2Logic,  Nukissiorfiit.gl,   2009;   Statoil,   2011).   The   efficiency   of   the  
hydrogen  process   today  is  around  70%  and  is  expected  to   increase  to  80-­‐‑85%  by  the  year  2020  
(Energinet.dk,  2011c:15;  Madsen,  Interview,  2011).  Hydrogen  could  potentially  be  stored  as  gas  
in   the  present  natural  gas  system  as  will  be   illustrated   later   in  Figure  16  –  however   the  actual  
potential  and  efficiency  of  this  method  has  as  far  as  known  not  been  tested  yet.    
  
9.2.6  Gas  Storage:  Use  and  Potential  in  the  Øresund  Region  
  
The  potential  of  using  gas  as  a  flexible  energy  source  is  high,  as  gas  provides  a  storable  heat  and  
electricity  source,  and  as  different  energy  sources  could  be  used  for  the  gas  production  (natural  
gas,  biogas  and  with  time  also  hydrogen  produced  from  e.g.  wind  power).    
  
Denmark   has   gas   storage   facilities   equalling   the   energy   content   of   an   excess   wind   power  
production   at   11   GW   for   1000   hours   (Energinet.dk,   2011c:16).   Presently   the   two   existing   gas  
storage  facilities  are  used  for  natural  gas  to  cover  the  heat  demand  in  wintertime  and  to  act  as  
extra  supply  in  case  of  supply  disturbances.  The  gas  is  stored  in  porous  subsoil  sandstone  layers  
or   in   large   subsoil   caverns.   In   the   year   2011,   the   approval   for   the   existing  Danish  gas   storage  
facilities  was  extended  for  25  years  until  8th  of  July  2037  (Danish  Energy  Agency,  2011k).  
                                                                                                 
104 ‘Too high’ in the sense that it would take very high electricity prices in order for electrical storage to be feasible.  
105 As mentioned previously, mainly storage for heating purposes will be considered here, although the short-time storage 
potential in electrical cars is acknowledged.  
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In   a   short-­‐‑term  perspective   natural   gas   could   be   used   as   a   stable   and   storable   energy   source,  
when  a  separate  heat  or  power  source  is  needed.  The  reason  for  this  option  to  be  short  term  is  
besides  the  visions  for  fossil-­‐‑free  energy  systems,  the  rapidly  depletion  of  the  Danish  natural  gas  
supply   (Nordic  Energy  Perspectives,  2009:21).  The  only  connection  allowing   import  of  natural  
gas  to  Denmark  is  the  connection  to  Germany,  needing  an  upgrade  if  this  should  be  prioritized.  
An  import  of  Norwegian  natural  gas  will  be  an  option  as  the  infrastructure  is  expanded  by  the  
year  2012  (Nordic  Energy  Perspectives,  2009:21).  
  
From  a  RE  perspective,  it  is  also  possible  to  use  the  natural  gas  system  and  storages  for  biogas  
distribution.  However,  this  entails  an  upgrading  of  the  biogas  to  natural  gas  or  the  opposite.106    
  
Figure  16  illustrates  how  the  gas  system  could  be  used  to  integrate  RE.  The  blue  arrows  shows  
how   the   electricity   production   during   periods   with   low   prices   could   be   transformed   to  
hydrogen  and  stored  in  the  gas  storages  in  order  to  be  distributed  in  periods  with  higher  prices  
on  electricity  or   to  be  converted   to  biofuel  or  methane.   In   these  processes,  heating   for   the  DH  
system   is   produced   (as   illustrated   by   the   red   arrows)   and   the   gas   produced   could   be   sold   to  
international   gas   transmission   (yellow   long   arrow,   bottom)   or   converted   to   biofuel   for  
transportation   (light   green   arrow).   The   electricity   input   could   be   combined   with   gasified  
biomass  and  waste  as  illustrated  by  the  dark  green  arrow.    
  
  
    
  
  
  
Sweden  does  not  have  domestic  natural  gas  sources,  but  imports  from  DK  with  agreed  access  to  
the  Danish  gas  storage   facilities.  Especially   in  Malmø  City,   the  use  of  natural  gas   is  extensive,  
covering  40%  of  the  heat  demand  (E.On,  2010:2),  but  only  few  small-­‐‑scale  gas  storage  facilities  
                                                                                                 
106 As will be reflected later, Sweden and Denmark have different strategies in terms of the use of the natural gas system to 
distribute biogas.  
Figure 16: Use of gas storages in the integration of RES. Source: Energinet.dk, 
2011c:17. 
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are  available.  107  
  
9.2.7  Political  Will  for  the  use  of  Energy  Storage  in  the  Øresund  Region  
  
The   review   of   a   number   of   official   national,   regional   and   municipal   energy   visions   for   the  
Øresund   Region   (outlined   in   Appendixes   C   and   D)   showed   that   storage   options   are   not  
highlighted   in   the  political  visions   for   the   region.  This  does  not  mean   that   storage  options  are  
not  considered  in  the  Øresund  Region  –  as  exemplified  in  Appendix  F,  both  Malmø  City,  Lund  
and  Copenhagen  Municipality  are  planning  to  expand  especially  thermal  storage  options  like  pit  
TES  (Copenhagen),  BTES  (Lund  and  Malmø)  and  ATES  (Malmø).    
  
For   electricity   storage,   electrical   cars   are   given   advantages   in  Denmark   for   instance   by  no   tax  
until  year  2015  and  public  support  for  electrical  chargers  (Appendix  C).  In  Sweden  electrical  cars  
are  given  less  attention  due  to  the  heavy  investment  in  biogas  fuelled  cars  (Norling,  Interview,  
2011).   Investments   in  hydrogen  projects  are  not  specifically  mentioned  in  the  official  strategies  
reviewed  (Appendixes  C  and  D).    
  
For  gas  storage,   the  recently  given  approval   for  extension  of   the  use  of   the  subsoil  gas  storage  
facilities   in   Denmark,   indicates   a   political   will   for   using   the   storage   options   in   the   future.  
Moreover,   gas   storage   is   highlighted   as   a   flexible   option   by   Energinet.dk108,   emphasizing   the  
potential  of  an  enhanced  interplay  between  the  heat,  electricity  and  gas  sector,  with  gas  storage  
as   an   integrated   high   capacity   adjustable   option   (Energinet.dk,   2011c).   Electrical   storage   is  
mainly  mentioned   in   association  with   the   introduction  of   electrical   cars   in  Denmark,  while   in  
Sweden  the  focus  is  rather  on  biogas  driven  transportation  (Appendixes  C  and  D).      
  
When  broadening  the  review  of  political  ambitions  (Appendixes  C  and  D)  with  interviews109  it  
was  noticed  that  expansions  of  geothermal  energy  (Lund,  Malmø  and  Copenhagen)  and  of  solar  
power   (Lund   and  Malmø)   are   under   planning.   These   plans  might   call   for   storage   options,   as  
neither   solar   or   geothermal   energy   can   be   considered   flexible   heat   sources   –   especially   solar  
heating   needs   storage   to   be   available,   when   most   needed   in   winter   time,   while   geothermal  
facilities  are  currently  competing  with  an  already  high  heat  summer  deliverance  and  could  be  
extended  with  storage  drillings  in  order  to  enhance  the  seasonal  flexibility.  Thus  the  ambitions  
to  develop  these  energy  sources  also  enhance  the  potential  for  TES.  
    
  
     
                                                                                                 
107 The private energy company E.On owns a small natural gas storage facility (Energy Delta Institute, 2011). Moreover a 
storage method called The Lined Rock Cavern (LRC) has been tested in Sweden for underground storage of natural gas 
and is now in use on commercial basis. This method is considered to have a high potential for the peak-saving niche, 
although initially designed to meet the existing storage need in Sweden (Mansson & Marion, 2011). 
108 The Danish gas and electricity net-operator. The potential of an enhanced interplay between sectors will be included in 
the following chapter.  
109 Statements from interviews are mentioned in Appendix F. List of interviews and personal conversations are found in 
Appendix B.  
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9.2.8  Summary:  Energy  Storage  Options  in  the  Øresund  Region  (thermal,  
electricity  and  gas  storage)  
  
This  summary  is  divided  into  two  parts:    
  
Comparison  of  storage  options  according  to  criteria  
Comparison  of  storage  options  according  to  short-­‐‑term  and  long-­‐‑term  perspectives  
  
In  the  last  part  the  findings  of  this  section  are  related  to  the  findings  in  Analysis  Part  A.    
  
Comparison  of  storage  options  according  to  criteria110  
The  review  of  storage  options  showed  that  all  storage  options  considered  are  already  used  large-­‐‑
scale   in   the  Øresund  Region   –   except   electricity   storage,  which   is   still   found   too   expensive   to  
upscale.    
  
The   review   of   political   will   for   energy   storage   showed   that   although   not   highlighted   in   the  
official  visions  affecting  the  Øresund  Region,  a  number  of  new  storage  projects  are  nonetheless  
subject  to  business  cases  or  are  planned.  This  is  especially  true  for  longer-­‐‑term  TES  options  like  
PTES,  BTES  and  ATES,  while  tank  TES  options  are  already  installed  in  conjunctions  with  many  
CHP  facilities.  Also  the  Danish  gas  storages  seem  to  have  some  political  favour.  Moreover  it  was  
made   probable   that   the   political   focus   on   the   introduction   of   RES   like   geothermal   and   solar  
energy  would  call  for  storage  options  in  order  to  enhance  the  flexibility  of  these  RES.  
  
Table  8  gives  an  overview  of  thermal,  electrical  and  gas  storage  options  in  accordance  with  the  
criteria  outlined  in  Section  9.1.  As  previously  argued,  generalized  cost  and  efficiency  estimates  
are  of  questionable  value;  thus  the  comparison  presented  in  Table  8  mainly  aims  at  highlighting  
the  differences   in   storage  potential   and   in   the  Swedish  and  Danish  use  of   the   storage  options  
evaluated.    
                                                                                                 
110 Criteria presented in Section 9.1.  
                                                                                                 
111 10.000 m3 tank volume costs approx. MDKK 13, while the same volume for pit storage costs approx. MDKK 6,5 (Danish Gartner District Heating Association, 2009:33-34).  
112 Storage of methane is estimated to cost approx. DKK 1/KWh gas (Energinet.dk, 2011c:16). In comparison pit thermal storage costs approx. DKK 0,60/ KWh heat incl. heat 
expenses (CTR, VEKS and KE, 2009a:60), while electricity from batteries is expected to be much higher also in a future perspective (Energinet.dk, 2011c:13). 
Storage 
option 
Relative capacity 
potential 
Relative efficiency /loss of energy Relative storage costs 
 
Conditions required 
 
Tank TES  
Mostly used for short time storage (6-10 
hours). Sizes found up to 73.000 m3, but 
usually smaller tanks. Seasonal storage is 
possible, but not feasible compared to the 
alternatives (PTES, BTES and ATES). 
Needs less capacity to store the same 
amount of thermal heat than pit 
solutions. 
Lower heat loss per m3 than non-
insulated underground solutions 
(mainly PTES). As the heat loss 
depends on the size of capacity and the 
tanks are typically only used hourly, 
the low heat loss is only relevant for 
short time storage.  
Inexpensive if used small-scale 
(hourly storage). 
More expensive than underground 
solutions if used large-scale due to the 
investment costs of the tank 
construction.111 
Usually build in conjunction with 
CHP. Simple construction. 
 
Large space requirements if used 
for seasonal storage as they are 
mostly build over ground level. 
 
PTES  
No size limit in principle. Weekly storage 
or seasonal storage in combination with 
solar panels and DH possible.  
The larger the pit, the lower the heat 
loss. Heat loss also dependent on 
insulation lid; typically higher heat loss 
than BTES and ATES due to the large 
envelope area. Higher heat loss if not 
combined with heat pump. 
Simple construction, but expensive lid 
depending on the size of the pit.  
 
Space requirements – solar panels 
could partly be placed on top of 
the pit.  
 
BTES 
Limited by borehole length. Seasonal 
storage possible in conjunction e.g. with 
geothermal facilities. 
Lower heat loss than PTES per m3 
than PTES and ATES due to low 
envelope area – depending on 
underground temperature. Lower 
storage temperature a requirement in 
DK, thus lower heat loss, but 
necessitates heat pump. 
High initial costs, low operation costs 
depending on the price on electricity.  
 
Best underground conditions in 
SE, but new tests in DK show 
potentials. Needs specialized 
expertise. Danish constraint: the 
underground temp. should max. 
be 20°C, thus necessitate heat 
pumps in DK, but not necessarily 
in SE. 
 
ATES 
Capacity potential depending on the size 
of the natural aquifer. Used for peak-load 
in Lund. Used on seasonal basis in 
Malmø. 
Same conditions as BTES.  Low installation costs, but wells need 
constant maintenance.  
Require an aquifer and 
groundwater for storage + Danish 
constraint as above. 
 
Electricity 
Storage 
Currently relatively small capacity in 
batteries. Short term storage in batteries 
e.g. in cars. Could be seasonal if 
transformed into liquid hydrogen.  
Presently very high electricity losses 
compared to heat loss in association 
with thermal storage options.  
Battery storage is not expected to be 
competitive in the near future. 
Hydrogen can be stored in insulated 
tanks when competitive. 
For electrical cars the 
infrastructure is needed. For 
large-scale batteries more cost-
efficient options are needed. 
 
Gas Storage 
Monthly storage. Two storage facilities 
exist in DK. 
Not mentioned.  Already existing storage facilities. 
Comparable cheap solution when 
methane is stored.112 
Porous subsoil sandstone layers as 
found in DK. 
Table 8: Comparison of Energy Storage options. Own model based on the findings presented in Appendix F. 
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    Comparison  of  storage  options  according  to  short-­‐‑term  and  long-­‐‑term  perspectives  
  
The  potential  of  the  energy  storage  options  presented  here  should  be  related  to  the  findings  from  
Analysis  Part  A  pointing  at  specific  potentials  for  flexible  options  in  a  short-­‐‑term  and  a  long-­‐‑  
term  perspective.    
  
• Initial   phase:   Until   recently,   storage   capacity   has  mainly   been   provided   by   thermal   tank  
storage  facilities  in  conjunction  with  CPH  plants.  This  reflects  the  first  phase  illustrated  in  
Table   6,  where   incentive   for   storage   is   only   given   for   daily   fluctuations   in   order   to   earn  
most  on  periods  with  high  power  prices  (DK)  or  mainly  to  provide  peak-­‐‑load  heat  supply  
(SE).  The  excess  electricity  production  associated  with  extended  CHP  production  combined  
with   increased  wind   power   production   has  widely   been   possible   to   export   via   the  Nord  
Pool  Spot  Market.  
  
• Transitional  phase:  The  present  Øresund  regional  attempts  to  integrate/increase  the  use  of  
larger   scale   thermal   storage   options   (PTES,   BTES   and   ATES)   reflects   the   second   phase  
illustrated  in  Table  6,  where  the  average  power  prices  are  gradually  increased  due  to  higher  
priced  peak-­‐‑load  thermal  power  production,  and  where  more  wind  power  in  the  total  Nord  
Pool   system   means   occasionally   lower   or   negative   prices   for   exported   electricity   and  
occasionally  higher  demand  for  balancing  hydropower.  In  this  phase,  the  value  of  flexible  
options   is   enhanced   compared   to   the   first   phase,   where   the   electricity   prices   are   not  
impacted  by  the  wind  power  fluctuations.  Gas  storages  could  provide  an  important  stabile  
energy   source   in   periods   of   low  wind/hydropower   production,   while   in   periods   of   high  
wind/hydropower   the   flexibility   of   the  CHP  plants   could   be   enhanced   by   combining   the  
already  existing  Tank  TES  facilities  with  heat  pumps,  as  will  be  considered  in  Analysis  Part  
B.  Turbine  By-­‐‑Pass  could  support  a  more  flexible  CHP  production  and  counterbalance  the  
shorter   hourly   power   price   fluctuations.   However,   the   longer   the   periods   of   excess  
electricity   in   the  Nordic   electricity   system   are,   the   higher   is   the   need   for   storage   options  
with  more  capacity  than  Tank  TES.  
  
• RE  system  phase:  A  potential  rise  in  heat  prices  will  give  further  incentive  to  TES;  this  was  
previously   found   to   be   dependent   on   rises   in   fuel   prices   and   on   longer   periods   of   low  
average  power  prices  that  would  also  put  pressure  on  the  CHP  production.  When  separate  
heat  production  alternatives   such  as  geothermal  energy  and  solar  energy  are   increasingly  
used,   thermal   storage   options   (primarily   PTES,   ATES   and   BTES)   have   a   potential   to  
enhance  the  flexibility  of  these  RES,  and  to  provide  TES  also  on  seasonal  basis.  The  choice  
between  these  large-­‐‑scale  TES  options  could  in  a  long-­‐‑term  perspective  be  to  the  advantage  
of  BTES  and  ATES113,  also  in  Eastern  DK,  where  currently  only  PTES  is  prioritised.  A  higher  
potential  for  seasonal  storage  might  give  incentive  to  choose  these  initially  more  expensive,  
but  less  space  demanding  and  more  efficient  options  instead  of  the  cheaper,  but  more  space  
                                                                                                 
113 As ATES is dependent on an available aquifer, this might only be an option in Sweden, while BTES could be used in 
conjunction with geothermal energy extraction, which is found available in Eastern Denmark as will be clarified in the 
following.  
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demanding   PTES   option. 114  Also   the   potential   for   gas   storage   might   increase   as   the  
renewable  gas  types  become  more  feasible  and  the  need  for  extra  heat  and  power  capacity  
in  hours  of  low  hydro/wind  power  production  increases.  
    
Other  main  factors  influencing  the  use  of  TES  
  
- The  use  of  heat  pumps  or  electrical  boilers  was  found  to  be  a  necessity  to  ensure  a  low  storage  
temperature.115  The   use   of   heat   pumps   depends   on   national   frameworks   that   will   be  
reviewed  in  the  following.  
  
- As  mentioned  above,  the  extension  of  RES  as  solar  and  geothermal  energy  change  the  potential  
for  TES   from  being  directed  at   supporting   the   flexibility  of  CHP  production   to  also  being  
directed  at  seasonal  thermal  energy  storage.  
  
- The  need  to  replace  worn-­‐‑out  thermal  energy  production  facilities  as  mentioned  in  Analysis  Part  
A  may  forward  the  introduction  of  the  RES  mentioned  above  and  thus  the  need  for  seasonal  
thermal  energy  storage.  
  
-   As  the  heat   loss  from  the  storage  facilities  depends  on  the  temperature  in  the  DH  system  
(the  higher  temperature  of  the  DH  system,  the  higher  heat  loss  from  the  storage  facility)  a  
lowering   of   the   temperature   in   the   DH   system   could   lead   to   more   feasible   thermal   energy  
storage  (Pahud,  2002:72).  
  
- The  development  of   cheaper  and  more   efficient   large-­‐‑scale   thermal   storage   facilities  would  also  
improve   the   feasibility  of   the  TES  options.  For   instance   the   insulation   in   the  PTES  option  
could  be  improved  (especially  the  lid  covering  the  pit)  and  the  potential  success  of  drillings  
for  ATES  and  BTES  could  be  better  estimated  in  order  to  lower  the  initial  investment  costs.    
  
     
                                                                                                 
114 As mentioned above the heat loss depends on the size of the TES facility, and as PTES to a lesser extent make use of 
the ground heat and takes up more space if up-scaled than BTES and ATES it might not be prioritised for seasonal 
storage, especially not in populous regions.   
115 Although in Sweden heat pumps are not a requirement in conjunction with underground TES, they make it possible to 
store at lower temperatures with lower heat losses. 
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9.3 Alternatives to support a flexible Energy System 
  
  
  
  
  
  
  
  
  
As  concluded  from  Chapter  8,  electricity  transmission  connections,  separate  energy  production  
and   thermal   energy   storage   all   have   potential   in   supporting   the   flexibility   in   the   Øresund  
regional   energy   system.   However,   as   should   be   obvious   from   the   previous   analysis,   these  
options  cannot  alone  balance  the  fluctuations  of  a  hydro/wind  power  based  energy  system  in  the  
long   run.   Several   alternative  options   to   support   a   flexible   energy   system  exist;   of  which   focus  
here  will  be  given  to  the  options  showed  in  the  frame  above.116  The  aim  is  mainly  to  consider  the  
flexibility  potential  of   these  options   in  an  Øresund   regional   context  –   the   criteria  presented   in  
Section  9.1  will  be  used  for  this  purpose.    
  
9.3.1  Optimal  RES  Combination:  The  Balancing  Effect  of  Gas,  Solar,  Wave,  
Hydro  and  Geothermal  Energy  to  Wind  Power  
  
Flexibility:  Often  mentioned  to  counteract  the  fluctuations  of  wind  power  in  the  energy  system  
are  gas,  solar,  wave,  hydro-­‐‑  and  geothermal  energy.    
  
Hydropower  has  been  mentioned  several  times  earlier,  as  Sweden  (and  Norway)  makes  use  of  
this   energy   source   to   counterbalance   the   fluctuations   of  wind  power.  Contributing   to   approx.  
half  of  the  electricity  sold  at  the  Nord  Pool  Spot  market,  hydropower  is  an  important  factor  to  
balance  the  wind  power,  but  as  outlined  in  Analysis  Part  A,  the  balance  is  not  perfect.  Moreover,  
as  hydropower  is  not  produced  in  the  Øresund  Region,  and  as  SE  has  decided  not  to  extent  the  
national   hydropower   production117,   hydropower   will   not   be   considered   an   expandable   RE  
option  in  this  analysis.    
  
Solar   cells   have   the   advantage   of   generating  most   electricity   in   summertime,  while   the  wind  
blows  most  in  wintertime.  However,  the  technology  is  not  yet  developed  to  a  stage,  where  it  is  
feasible  for  up-­‐‑scaling.118  The  same  goes  for  wave  power,  which  is  also  ascribed  a  smaller  long-­‐‑
term   future   potential   for   use   in   the   periods  with   low  wind   and   hydropower119  (Energinet.dk,  
2011c:9/38;  IDA,  2009:54).  Thus  these  options  fall  in  the  periphery  of  the  time-­‐‑horizon  considered  
                                                                                                 
116 The selection of options is discussed in the Methodology Chapter 4.  
117 As outlined in Section 5.1.6.  
118 IDA, the Danish Society of Engineers, expects 2% of the Danish electricity consumption to be covered by solar cells   
 by the year 2030 and 10% by the year 2050 (IDA 2009:54). 
119 IDA, the Danish Society of Engineers, expects 3% of the Danish electricity consumption to be covered by wave power 
by the year 2030 and 5% by the year 2050, highlighting that the future prices on wave power are still very uncertain (IDA, 
2009:54). 
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in  this  thesis120  and  has  not  been  evaluated  further.121    
    
Solar  panels  have  previously  been  mentioned  in  conjunction  with  seasonal  TES  options,  and  this  
combination  is  critical   for   the  potential  of  solar  heating  as  the  solar  energy  potential   is  highest  
during  the  summertime,  while  the  heat  demand  is  highest  in  the  wintertime.      
  
Geothermal  energy  has  the  advantage  of  potentially  providing  an  energy  source  and  an  energy  
storage  option   in  one   facility.   It   can  add   flexibility   to   the  energy  system  by  providing  heat  all  
year   round.   However,   as   the   feasibility   of   geothermal   facilities   decreases   considerable   if   not  
used  for  base  load  production,   it   is  not  flexible  to  the  present  high  level  of  CHP  production  in  
Malmø  City  and  Copenhagen  Municipality,  as  the  combination  of  low  heat  demand  during  the  
summer   and   high   (especially   waste)   combustion   would   with   geothermal   heating   lead   to   an  
excess   heat   production   during   the   summertime   (CTR,  KE   and  VEKS,   2009a:46;  Dong   Energy,  
2009:6).  
  
Thus   both   solar   and   geothermal   heating   need   storage   options   and   heat   pumps   to   provide  
flexibility  of  heat  to  the  energy  system.  This  premise  is  taken  into  account  in  the  further  analysis.    
  
Biomass  has  previously  been  mentioned  as   the   ‘new  coal’   in   the  Øresund  Region;  however,   it  
does   not   provide   flexibility   if   just   replacing   coal   at   the  CHP  plants.  However,   biomass   could  
offer  flexibility  in  the  energy  production  by  being  used  for  separate  heat  or  power  production  at  
lower  efficiencies;  this  option  has  been  considered  in  Chapter  8  and  Appendix  E.  
  
Biogas  has  previously  been  ascribed  an   important  potential   as   it  provides   a   storable  heat   and  
electricity  source  to  be  used  for  peak  load  production  or  in  periods  with  low  wind/hydro  power  
production,  and  as  different  energy  sources  could  be  used  for  the  gas  production  (natural  gas,  
biogas   and   with   time   also   hydrogen   produced   from   e.g.   wind   power). 122  It   also   has   the  
advantage   compared   to   biomass   that   it   can   be   produced   from   manoeuvre,   which   is   locally  
available  in  the  Øresund  Region  (Søndergren,  Interview  2012).  
  
Comparable  costs  of  RES  based  flexible  energy  production  
  
In  Appendix  F  the  heat  production  costs  for  geothermal  and  solar  panel  facilities  are  reviewed.  
It   is   concluded   that   solar   thermal   heat   and   geothermal   heat   have   approx.   the   same   heat  
production  costs,  but  as  the  solar  heating  option  needs  seasonal  storage  in  order  to  be  useful,  the  
heat  production  costs  are  not  competitive  to  other  options  –  even  if  the  solar  heat  prices  might  as  
expected  be  reduced  with  25-­‐‑30%  by  the  year  2025  compared  to  year  2010  (Ea  Energy  Analysis  
in  CTR,  KE  &  VEKS,  2009a:50).  This  does  not  indicate  that  the  potentials  of  solar  heating  should  
not  be  considered,  it  only  indicates  that  the  average  heat  price  should  be  higher  for  this  option  to  
be  feasible  or  (if  used  to  enhance  the  flexibility  of  CHP  production)  the  differences  in  high  and  
low   power   prices   should   be   considerable   in   order   to   give   incentive   for   seasonal   storage   in  
                                                                                                 
120 See Section 3.2.2 for considerations of time-horizon.  
121 However, it is acknowledged that political frameworks to develop these options could lead to an earlier feasibility, and 
especially the development of solar cell systems have so far been promising (IDA, 2009:54). 
122 See Figure 15 for a potential integration of the gas, heat and electricity sector.  
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conjunction  with  solar  heating.123    
  
Geothermal  heating  could  be  steam-­‐‑driven  or  electricity-­‐‑driven,  with  steam  as  the  most  feasible  
alternative.  However,   steam   typically  derives   from   thermal   energy  production   as   for   instance  
waste  combustion,  which  in  itself  constitutes  a  contrast  to  geothermal  heat  production  as  it  more  
than  sufficiently  meet  the  current  heat  demand  in  the  Øresund  Region  during  summertime  (as  
reflected   in   Analysis   Part   A).   Especially   in   Copenhagen   and   Malmø   where   heat   from  
respectively  Amagerforbrænding  and  SYSAV   is  used   for  base   load  production,   the   conditions  
for  geothermal  heating  are  not  favourable,  whereas  in  Lund  half  of  the  heat  demand  is  already  
covered  by  geothermal  energy  as   reflected   in  Section  5.2.  As   the   feasibility  of  geothermal  heat  
production   is   considerable   reduced   if   not   used   for   base   load   production,124  downscaling   the  
traditional   thermal  heat  production   (such  as  waste   combustion)   is   essential   if  geothermal  heat  
production  should  be  up-­‐‑scaled.    
  
An  option  for  increasing  the  flexibility  of  the  geothermal  facility  is  to  use  special  boreholes  (the  
principle   of   BTES)   for   seasonal   storage   of   heat   from   e.g.   solar   panels   or   waste   combustion,  
hereby   creating   a   flexible   heat   source   to   be   used   in   the   winter   time125  (CTR,   KE   and   VEKS,  
2009a:46;  Dong  Energy,  2009:6).  However,  geothermal  heat  production  cannot  be  expected  to  be  
feasible  compared  to  the  thermal  heat  production  methods  until   it  can  take  position  of  a  base-­‐‑
load   heat   production,   which   again   depends   on   a   gradual   downscaling   of   thermal   heat  
production  –  this  could  be  prioritised  due  to  higher  fuel  prices126  or  lower  power  prices.  
  
Swedish  and  Danish  framework  conditions  for  RES  integration  
  
As  indicated  above,  national  frameworks  are  important  for  the  integration  of  RES.    
  
In  Sweden  Green  Electricity  Certificates  were  introduced  in  the  year  2003,  obligating  consumers  
to   buy   a   number   of   certificates   via   their   electricity   bills,   while   power   producers   receive   a  
certificate   for   every   MWh   RE   based   electricity,   they   generate.   To   be   certified   green,   the  
electricity  has  to  come  from  wind  power,  solar  energy,  wave  power,  geothermal  energy,  biofuels  
or   small  hydroelectric  plants,   thus   supporting   the  RES  equally   (Sweden.se,   2011).  This   system  
implies  that  subsidies  come  through  the  market  (i.e.  from  power  producers  that  are  not  certified  
‘green’   and   from   consumers)   contrary   governmental   direct   subsidies   as   used   in   Denmark  
(Cicero,  2004).  It  is  also  important  to  notice  that  RES  used  for  electricity  are  not  taxed  in  Sweden  
(Johansson,  2004:2).    
  
In   Denmark   varied   subsidies   are   given   as   feed-­‐‑in   tariffs   to   the   RE   producers;   currently   new  
                                                                                                 
123 As considered in Analysis Part A, the seasonal heat storage is expected to gain a greater potential the lower the power 
price is as the thermal CHP production gradually will be shut down for longer periods, thereby raising the heat price and 
the feasibility of heat storage. For seasonal storage to be feasible while CHP production is still high, long periods with 
excess electricity production would be needed during the wintertime – as previously found mainly affected by wet years 
with a high hydropower production.  
124 As illustrated in Figure 21, Appendix F. 
125 See Appendix F for data on capacity and costs of BTES in conjunction with geothermal facilities.  
126 It was previously highlighted that the current comparable low biomass prices, are influenced by the exception from 
energy- and CO2- taxes and receives a subsidy, giving biomass fed boilers-only a considerable advantage to other heat 
sources (CTR, KE and VEKS, 2009b:10). Also a rising worldwide demand for biomass could lead to higher fuel prices.  
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biogas  fired  power  plants  receive  the  highest  feed-­‐‑in  tariff  (DKK  0,74/kWh)127,  while  also  wind  
turbines  (DKK  0,25-­‐‑0,63/kWh)  and  ‘Special  renewable  energy  technologies  of  importance  to  the  
future   generation   of   renewable   energy’   such   as   PV   and   wave   power   (DKK   0,40-­‐‑0,60/kWh)  
receives   a   feed-­‐‑in   tariff   (Danish   Energy   Agency,   2008b).   Danish   RES   producers   furthermore  
receives  operational  support,  while  operational  support  was  only  given  to  Swedish  wind  power  
producers  until  2009  (NEP,  2005:205).      
  
The  importance  of  feed-­‐‑in  tariffs  has  also  been  mentioned  in  other  contexts  during  this  analysis  
–   for   instance   it  was  discussed,  how   the   current  Danish  wind  power   feed-­‐‑in   tariffs  give  wind  
power   producers   incentive   to   produce   even   at   low   or   negative  market   prices,   and   give   CHP  
producers   incentive   for   a  more   flexible   production   -­‐‑  while   in   Sweden   negative  market   prices  
could  also  affect/reduce  the  wind  power  production.    
  
For  RES  used  for  heat  production  an  overview  of  the  support  schemes  in  the  Nordic  countries  is  
outlined  in  Table  9,  again  pointing  at  the  Swedish  use  of  Green  Certificates  as  a  main  difference.    
  
It  should  also  be  noticed  from  Table  9  that   in  Sweden  a  special   investment  support   is  given  to  
individual   heating   based   on   RES,   most   likely   reflecting   the   desire   to   support   the   shift   from  
inefficient  electrical  heating  (not  referring  to  domestic  heat  pumps,  which  are  also  supported)    
                                                                                                 
127 Since year 2008 biogas has also received a tax relief in DK amounting to DKK 31/GJ biogas for heat produced by 
CHP and DKK 48/GJ biogas for heat produced separately. Moreover a subsidy of DKK 44/GJ biogas is given to 
electricity production at CHP plants (Danish Energy Authority, 2011i:1). The value of heat produced from biogas is 
estimated to DKK 2,07./m3 biogas compared to a value of natural gas for heating at DKK 2,9/m3 natural gas (Danish 
Energy Agency, 2010e:3-5). 
Table 9: Nordic support schemes for RES used for heat production. Source: NEP, 
2005:207. 
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(Wik,  Interview,  2011).  The  most  supported  RES  for  heating  in  Denmark  and  Sweden  is  biomass,  
while  also  biogas  facilities  for  heating  in  Denmark  receive  operational  support.  In  Denmark  RES  
used  for  heating  are  not  taxed  (Appendix  C).  
  
The  Danish  Heat  Law  makes   it  possible   for  DH  companies   to  gain  a  surplus   from  geothermal  
heat   (Danish  Energy  Authority,  2010c:10)  –  contrary  other  heat  production,  which   is  subject   to  
the  ‘no  profit-­‐‑no  loss’  law.    
  
It  is  beyond  the  scope  of  this  thesis  to  discuss  the  advantages  and  disadvantages  of  the  Swedish  
and   Danish   RES   support   schemes;   the   Swedish   model   has   received   critique   for   pushing   the  
expenses   of   the   transition   to   a   RE   based   energy   system   to   the   consumers   and   for   potentially  
leading  to  a  decrease  in  net  RE  production,  as  the  requirement  to  use  RES  is  a  percentage  share  
of   the   total   power   production   and   not   a   required   share   of   RES   of   the   total   consumption   or   a  
source-­‐‑targeted   RES   support   as   in   Denmark   (Cicero,   2004).   On   the   other   hand,   the   source-­‐‑
directed  support  given  in  Denmark  can  be  difficult  to  prioritise;  the  current  advantage  given  to  
biomass  for  heat  production  over  other  RES  has  previously  been  questioned.  
  
For  the  use  of  biogas  a  number  of  special  conditions  exist:    
  
- In   Sweden   biogas   is   upgraded   and   pumped   directly   into   the   natural   gas   system.   The  
responsibility  of  the  quality  of  the  gas  in  the  net  belongs  to  the  operators  of  the  natural  gas  
pipelines  in  SE.  Special  taxation  support  is  given  to  the  use  of  biogas  in  the  natural  gas  net  
in   SE   in   order   to   facilitate   the   co-­‐‑distribution   of   biogas   in   the   natural   gas   grid   (Swedish  
Energy  Agency,  2009b:69-­‐‑71).  
- In  Denmark  biogas  is  not  yet  pumped  into  the  natural  gas  net  and  special  regulations  for  a  
very   precise   measurement   of   upgraded   biogas   contribute   to   an   expensive   upgrading  
process   in   DK.   The   focus   in   DK   is   today   rather   on   ‘downgrading’   natural   gas   than   on  
upgrading   of   biogas   (Danish   Ministry   of   Climate   and   Energy,   2010:64-­‐‑65;   Ingeniøren,  
2011c).128  
  
Øresund  regional  will  for  RES  
As  previously  discussed,  a  major   focus   in   the  Øresund  Region   is   the  replacement  of  coal  with  
biomass  –  the  ambitions  are  both  found  at  the  municipal  and  the  national  level  in  Sweden  and  
Denmark.    
Other  RES  than  wind  power  only  plays  a  minor  role  in  the  national  energy  visions  (Appendixes  
C  and  D).129    
On   the   municipal   level   in   the   Øresund   Region,   especially   the   potential   for   an   expansion   of  
geothermal  energy  receives  great  attention  at  the  moment  –  as  exemplified  in  Section  5.2.  In  the  
                                                                                                 
128 Another Danish constraint to the use of gas and gas storages as flexible options is the on-going replacement of natural 
gas for heating with DH, as mentioned in Analysis Part A. However, natural gas is still expected to be widely used in 
decentralised areas (Sørensen, personal conversation, 2012). 
129 Except for hydropower production in Sweden, expected to cover 69% of the total energy production by the year 2020, 
but not expected to be expanded (Appendix D).  
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Danish  Capital  Region  the  preference  of  geothermal  heat  over  solar  heating,  although  the  heat  
production   price/GJ   is   approx.   similar,   is   mainly   due   to   an   ambition   of   reducing   the   use   of  
biomass  and  gaining  experience  with  producing  geothermal  heat  (CTR,  KE  and  VEKS,  2009b:9)  
–  most  likely  chosen  over  solar  heating  due  to  its  ability  to  produce  heat  also  during  wintertime,  
with  no  additional  costs  for  TES.  
  
9.3.2  Electricity  to  Heat  Production:  Large-­‐‑scale  Heat  Pumps  and  Electrical  
Boilers  
  
Flexibility:  Large-­‐‑scale  heat  pumps  and  electrical  boilers  have  the  ability  to  deliver  heat  to  the  
DH   system   separate   from   electricity   production,   thus   reducing   the   potential   oversupply   of  
electricity  at  the  Nord  Pool  Spot  Market  (Ea  Energy  Analysis,  2009b:9).    
  
Large-­‐‑scale  heat  pumps  and  electrical  boilers  could  either  be  installed  in  combination  with  CHP  
plants   using   the   already   existing   storage   tanks   or   as   separate   heat   production.   If   used   in  
combination  with  CHP  plants,  especially  electricity-­‐‑driven  heat  pumps  have  the  potential  to  use  
excess  electricity  while  cheap  (when  the  wind  power  generation  is  high)  and  store  the  produced  
heat   in   the   existing   tanks   to   enhance   the   flexibility   of   CHP   plants   (Danish   District   Heating  
Association,  2011a:13;  Mathiesen  et  al.,  2011).   If  a  system  for  condensed  flue  gas   is   installed  at  
the  CHP   facilities,   the  heat  pump  can  moreover  benefit   from   the  heat   to  gain  a  higher  COP130  
(Risø-­‐‑DTU,  2008:7).  
  
In   theory   heat   pumps   and   electrical   boilers   both   can   contribute   to   up-­‐‑   and   downscaling   the  
power   production,   but   the   lower   investment   and   efficiency   of   electrical   boilers   make   them  
especially   relevant   for   downscaling   the   power   production,   while   higher   investments   and  
efficiency  for  the  heat  pumps  make  them  especially  relevant  for  use  in  hours  with  high  power  
prices  –  as  they  make  it  possible  to  avoid  CHP  production  in  these  hours  (Ea  Energy  Analysis,  
2009b:11).131        
  
Two  technological  types  of  heat  pumps  exist:  1)  absorption  heat  pumps,  using  input  like  flue  gas,  
steam,   hot  water,   geothermal   heat   etc.132  and   2)   compressor   heat   pumps   using   electricity.   The  
absorption  heat  pumps  have  the  ability  to  increase  the  share  of  RE  in  the  DH  production  if  for  
instance   combined  with   solar   and  geothermal   facilities,  while   the   compressor  heat  pump  also  
has   the   ability   to   integrate   wind   and   solar   power   by   using   electricity   and   producing   heat  
(Mathiesen  et  al.,  2011:3).    
  
Energy  efficiency  and  costs  for  heat  pumps  and  electrical  boilers:  Heat  pumps  deliver  up   to  
four   times   the   energy   they   use,  while   electrical   boilers   are   less   efficient   as   they   only   produce  
heat  approx.  equalling  the  amount  of  electricity,  they  use.  However,  large-­‐‑scale  electrical  boilers  
have  much  lower  investment  costs:  A  large-­‐‑scale  electrical  boiler  deliver  heat  at  approx.  MDKK  
                                                                                                 
130 COP = Co Efficient of performance. A heat pump with COP 3 gives an output of 3 kWh heat for 1 kWh electricity.  
131 However, the actual heat demand and the capacity at the tank TES also influence this statement, as does the national 
framework conditions for the use of electricity for heating, as will be reviewed in the following. 
132 Plus a minor share of electricity.  
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2/MW  compared  to  MDKK  5/MW  for  heat  pumps  (Energinet.dk,  2009:17).  This  basically  means  
that  heat  pumps  should  have  more  operation  hours  in  order  to  be  feasible.  Thus  heat  pumps  in  
the  DH  system  are  not   feasible   if  down-­‐‑scaling  of  electricity  production   is  only  needed   in   few  
hours  a  year.  However,  if  heat  pumps  are  also  valued  for  a  more  efficient  heat  production,  their  
comparable  feasibility  increases  (Ea  Energy  Analysis,  2009e:32).   
  
It  should  be  noted  that  the  feasibility  of  heat  pumps  and  electrical  boilers  also  depends  on  the  
price  on  electricity;  electrical  boilers  are  infeasible  compared  to  heat  pumps  at  high  power  prices  
due   to   their   lower   efficiency   –   the   power   price   has   to   be   very   low   for   electrical   boilers   to   be  
comparable  feasible  (Ea  Energy  Analysis,  2009e:10-­‐‑11/17).133    
  
Moreover,   the   feasibility   of   heat   pumps   and   electrical   elements   for   heating   is   affected   by   the  
taxation  of  electricity  as  will  be  reflected  in  the  following.    
  
Danish  and  Swedish  framework  conditions  and  political  will  for  heat  pumps  and  electrical  
boilers  
  
In  Denmark  the  political  priorities  have  not  led  to  favourable  circumstances  for  the  use  of  heat  
pumps,  while   the   feasibility  of   electrical  boilers  has   recently  been   improved.  A   law   from  year  
2008   changed   the   tax   from   input  electricity   to  output  heat,   thus  equalling   the   tax  on  electrical  
boilers  with   the   tax  on  separate  heat  production  using  e.g.   coal  or  biomass  at  boilers-­‐‑only   (Ea  
Energy  Analysis,  2010:10).  According  to  this  new  taxation,  the  electricity  device  installed  has  to  
have  a  COP  value  lower  than  3  for  the  new  taxation  to  make  a  difference.  As  electrical  boilers  
have   an   efficiency   corresponding   to   COP   1,   while   heat   pumps   have   a   higher   efficiency  
corresponding   to   approx.   COP   2,5-­‐‑6,5   (Ea   Energy   Analysis,   2010:9),   the   new   taxation  mainly  
increases   the   feasibility   of   electrical   boilers,   while   compressor   heat   pumps   are   worse   off   in  
comparison.134    
  
This  relation  between  the  new  taxation  of  electricity  and  COP  of  the  heat  pumps/electrical  
boilers  in  Denmark  is  illustrated  in  Figure  17.      
  
                                                                                                 
133 The feasibility of electrical boilers and heat pumps also depends on whether they are implemented in combination 
with decentral plants, that in Denmark are usually not fitted for producing electricity without heat, or if they are in 
competition with for instance coal fired or gas fired CHP plants/boilers-only (Ea Energy Analysis, 2009e:17-18).   
134 For electrical boilers the tax relief means a price difference from DKK 0,60 to DKK 0,20 /kWh heat.  
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This  results  in  a  tax  approx.  DKK  208/MWh  electricity  for  electrical  boilers  and  DKK  675/MWh  
electricity  for  the  heat  pumps  (IDA,  2009:35).135  Without  taxes  the  heat  production  price  would  
be  down   to  DKK  42/GJ   incl.   investment   costs   and  O&M  costs   (Ea  Energy  Analysis,   2010a:14),  
making  heat  pumps  more  attractive  than  any  other  present  heat  production  solution  (CTR,  KE  &  
VEKS,  2011:25).136  
  
However,  the  new  taxation  does  make  a  difference  to  absorption  heat  pumps  as  the  efficiency  of  
an  absorption  heat  pump  is  usually  below  COP  3.137  This   is   important,  as  geothermal  plants  as  
well   as   solar   energy   systems   can  make  use   of   absorption  heat  pumps.   For   instance   solar   heat  
produced   in   conjunction   with   a   heat   pumps   with   low   COP   costed   approx.   DKK   411/MWh  
before  the  tax  relief  and  DKK  287/MWh  after  the  tax  relief  (PlanEnergi,  2008).  
  
The  obvious  disadvantage  for  compressor  heat  pumps  with  the  current  electricity  taxation  could  
be   a   remnant   from   the   public   aversion   from   using   electricity   for   heating   on   a   larger   scale   as  
described  in  Part  A  of  the  Analysis,  but  it  could  also  be  due  to  a  political  desire  to  counteract  the  
replacement  of  base-­‐‑load  capacity  with  heat  pumps:  The  high   investment  costs  of  heat  pumps  
give   an   incentive   to  make   them   run   for   longer   time,   thus   over   time   competing  with   the   heat  
production   from   base   load   production   (Ea   Energy   Analysis,   2009e:11;   Blarke   in   Krøyer,  
Ingeniøren,   2011a).   This   last   concern   is   the  main   reason   for   Copenhagen  Municipality   not   to  
prioritize   heat   pumps   on   a   short-­‐‑term   basis,   as   CHP   plants   are   prioritised   to   be   in   operation  
until  year  2027  when  many  of  them  are  worn  down138  (Christensen,  personal  conversation,  2012).    
  
Two  suggestions  to  support  large-­‐‑scale  heat  pumps,  while  not  totally  replacing  CHP  production  
will  be  given  in  Section  9.3.5.  
  
Large-­‐‑scale   heat   pumps   are   as   far   as   known   not   currently   used   in   conjunction   with   the   DH  
                                                                                                 
135 Incl. a CO2 tax approximating DKK 62/MWh.  
136 Taxes currently account for 63% of the heat production price from heat pumps (Ea Energy Analysis, 2010a:14). 
137 At the geothermal test-facility in Copenhagen the installed heat pump has COP 2,1 (CTR, KE and VEKS, 2009a:37). 
138 See Appendix H for an overview of CHP capacity in the Danish Capital Region.  
Figure 17: Taxation of electricity 
(DKK/MWh) compared to COP (Co 
Efficient of Performance). The blue line 
illustrates the taxes on electricity used for 
heating according to the previous  Danish 
taxation (before the year 2009) and the red 
line illustrates the taxes according to the 
most recent law, after  the year 2009. 
Source: Ea Energy Analysis, 2010:9. 
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system   in   Denmark,   while   a   minor   share   of   electrical   boilers   are   implemented   as   regulating  
options  according  to  the  Nord  Pool  regulating  power  market139  (Ea  Energy  Analysis,  2009b:22).  
However,   on   the   consumer   side,   small-­‐‑scale   heat   pumps   are   increasingly   used   (Søndergren,  
Interview,  2012).    
  
The   newest   energy   initiative   from   the   Danish   Government   mentions   heat   pumps   once   in  
conjunction  with  DH  and  a   fund   is  planned   to   support   large-­‐‑scale  heat  pumps   in   conjunction  
with   the   DH   system   (Appendix   C)   –   however,   the   present   taxing   system   gives   the   opposite  
incentive.    
  
The  expected   shortage  of  heat   in   the  Capital  Region  of  Denmark   combined  with   the   expected  
occasionally  excess  production  of  electricity  could  be  an  eye-­‐‑opener  for  the  use  of  electricity  for  
heating.   The   potential   for   heat   pumps   in   conjunction   with   DH   in   Denmark   could   be  
considerable;   Ea   Energy  Analysis   estimates   that   at   least   10%   of   the   capacity   on   the   decentral  
CHP  plants  and  boilers-­‐‑only  could  be  supplemented  or  replaced  by  large-­‐‑scale  heat  pumps  (Ea  
Energy  Analysis,  2009e:11).140    
  
In  Sweden  with  a  longer  tradition  to  use  electricity  for  heating,  electrical  devices  for  heating  are  
taxed   by   electricity   input   instead   of   heat   output.   As   previously  mentioned   currently   approx.  
12%   of   the   DH   is   produced   by   large-­‐‑scale   heat   pumps   in   SE   (Eriksson   and   Vamling,   2007).    
Large-­‐‑scale  heat  pumps  are  mainly  used  for  producing  heat  directly  to  the  DH  system  –  not  for  
enhancing  the  flexibility  of  CHP  production  (Birkedal,  personal  conversation,  2011).    
  
However,   the  present   large-­‐‑scale  heat  pumps   in   function  are  already  used   fewer  hours  a  year  
and  expected   to  be  phased  out   and  not   replaced,  mainly  due   to   the  priority  given   to  biomass  
boilers  and  waste  combustion  by  the  Green  Certificate  Schemes  (Eriksson  and  Vamling,  2007).    
Figure  18  illustrates  the  gradually  decrease  in  large-­‐‑scale  heat  pumps  and  –  similar  to  the  Danish  
trend  –  an  increase  in  small-­‐‑scale  domestic  heat  pumps.    
  
                                                                                                 
139 As mentioned in Section 6.1.2.  
140 If heat pumps with COP 3,5 are used.   
Figure 18: Totally captured energy by heat pumps, Sweden 1994-2006. Source: Nowacki, 
2007:16. 
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In  Southern  Sweden  the  gradual  decrease  in  the  use  of  large-­‐‑scale  heat  pumps  can  also  be  due  to  
the  higher  power  prices  caused  by  the  new  zone  system  in  Sweden141  –  as  the  heat  pumps  have  
previously  benefitted  from  the  inexpensive  hydropower  and  nuclear  power  in  Northern  Sweden  
(Birkedal,   personal   conversation,   2011).   An   increased   share   of   wind   power   followed   by  
occasionally   lower   electricity  market   prices  might   give   incentive   to   reinforce   the  use   of   large-­‐‑
scale   heat   pumps,   but   presently   large-­‐‑scale   heat   pumps   are   not   considered   in   the   Swedish  
national  and  municipal  visions  –  only  individual  heat  pumps  are  mentioned  to  replace  the  less  
efficient  electrical  heating  in  buildings  (Appendix  D).  
 
9.3.3  Extension  of  the  Energy  Infrastructure  Capacity:  Combined  DH  
Systems  
  
In  the  light  of  the  finding  that  the  heat  capacity  in  Copenhagen  Municipality  will  be  reduced  (or  
the   heat   prices   gradually   increased)   and   the   finding   that   both   Malmø   City   and   Lund  
Municipality   will   have   an   excess   heat   production,   a   review  was   conducted   of   the   options   to  
connect  the  Øresund  regional  DH  systems.  A  common  DH  system  could  have  the  same  function  
as  a  common  electricity  market;  to  provide  flexibility  to  the  heat  supply  and  to  keep  heat  prices  
at  a  stable  level.    
  
The  review  mentioned  is  found  in  Appendix  G;  the  conclusions  from  this  review  are  outlined  in  
the  summary  Section  9.3.6.    
  
  
     
                                                                                                 
141 Mentioned in Analysis Part A.  
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9.3.4  Consumer  Options  for  Flexibility  
  
The   focus   of   this   thesis   has   been   on   large-­‐‑scale   DH   connected   flexible   options.   However,   as  
previously  mentioned  also  a  number  of  consumer-­‐‑directed  options  exist  for  up-­‐‑  or  downscaling  
the   electricity   production. 142   These   should   briefly   be   pointed   out   again,   as   they   are  
acknowledged  to  be  important  for  the  regulation  of  the  hourly  power  fluctuations:    
  
Inclusion  of  the  transportation  sector:    
- Battery  driven  cars  
- Plug-­‐‑in  hybrid  cars  
- Hydrogen  cars  
  
Inclusion  of  household  energy  use:    
- Domestic  heat  pumps  or  other  electrical  heating  
- Cooling  batteries  
  
All  these  options  have  the  potential  of  up-­‐‑  and  downscaling  the  electricity  production  on  hourly  
basis.  As  small-­‐‑scale  heat  pumps  and  electrical  boilers  have  approximately  the  same  investment  
costs,   the   lower  heat  production   costs   for  heat  pumps  give   them  a   clear   advantage   for  down-­‐‑
scaling   the   electricity  production   –   and  as   reflected   in   Section   9.3.2,   they   are   also   increasingly  
installed  both  in  SE  and  DK.  For  up-­‐‑scaling  the  electricity  production,  both  individual  electrical  
boilers  and  heat  pumps  are  ascribed  a  competitive  feasibility  if  used  more  than  200  hrs/year  (Ea  
Energy  Analysis,  2009e:33).  
  
Electrical   cars   have   the   advantage   of   up-­‐‑   and   downscaling   the   electricity   production  
independently  of  heat  demand  (Ea  Energy  Analysis,  2009e:34).    
  
Consumer-­‐‑based   flexible   options   have   a   potential   for   regulating   the   electricity   (and   heat)  
production  -­‐‑  but  as  mentioned  in  Section  2.2.2  this  regulation  only  takes  place  on  hourly/daily  
basis.  Thus   if  up-­‐‑  or  downscaling   is  needed  beyond  this   time  horizon  or   if   larger  capacities  of  
energy  need  to  be  moved,  other  flexible  options  would  be  more  favourable.    
  
9.3.5  Dynamic  Market  Options  (Smart  Grid  Systems,  Intelligent  Energy  
Systems,  dynamic  tariffs,  dynamic  power  estimations)  
  
As  previously  indicated,  Intelligent  Energy  Systems,  Smart  Grid  Systems,  flexible  power  tariffs  
and  dynamic  estimations  of  power  production  can  be  seen  as   the   foundations   for  a   successful  
use  of  the  technical  flexible  options  reviewed  above.    
  
Smart  Grid  Systems  
                                                                                                 
142 As clarified earlier, the up- and downscaling of electricity production is normally considered instead of the electricity 
demand, which would work contrary; when for instance the electricity production is up-scaled, the demand is down-scaled 
and vice versa. When the expression ’up-scaling the electricity production’ is used in association with e.g. domestic heat 
pumps, it basically means that the heat pumps are paused/used less.  
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Market  systems  are  essential  to  activate  the  up-­‐‑  or  downscaling  potential  of  the  domestic  flexible  
options  mentioned   in  Section  9.3.4.  Smart  Grid  Systems  have   this  ability  of  bringing  "ʺprices   to  
devices"ʺ,  i.e.  make  electrical  equipment  and  appliances  able  to  operate  in  periods  of  low  power  
prices  (Madsen,  personal  conversation,  2011).  Some  ascribe  Smart  Grid  Systems  a  major  role  as  
part  of   the  Intelligent  Energy  System  (Danish  Energy  Association  &  Energinet.dk,  2010),  while  
others   do   not   give   balancing   of   the   consumer’s   electricity   demand   much   credit   (Mathiesen,  
personal  conversation,  2011).  
    
However,  also  existing  industrial  electricity  consumption143  could  to  a  higher  extent  be  included  
in  the  regulation  of  electricity  demand/production  with  a  Smart  Grid  System  in  place  (Ea  Energy  
Analysis,  2009b:18).    
  
Intelligent  Energy  Systems  
  
An   option   mentioned   to   balance   the   interaction   between   energy   sectors   (the   gas,   heat   and  
electricity   sector)   is   Intelligent   Energy   Systems.144  An   Intelligent   Energy   System   supports   that  
the  (enhanced)  use  of  electricity  e.g.  for  heating  is  placed  in  hours,  when  the  power  price  is  low  
and   balance   the   hours   of   high  power   prices   by   activating   e.g.   the   gas   sector.   Thus   intelligent  
energy   systems  have  a  major   function  also   for  TES  and  gas   storage  options  –  especially  when  
used  separately  from  CHP  facilities,  which  more  or  less  already  adjust  their  energy  consumption  
according  to  the  market  prices  by  for  instance  making  use  of  tank  TES  (Søndergren,  Interview,  
2012).    
  
Dynamic  tariffs  
  
In   order   to   make   Intelligent   Energy   Systems   and   Smart   Grid   Systems   function,   a   significant  
price  difference  between  high  and  low  electricity  production  is  a  must.  Previously  in  DK  ‘static`  
tariffs   have   set   a   lower   price   on   electricity   e.g.   at   night,   when   the   electricity   demand   is   low.  
Static  tariffs  are  useful   if   the  power  production  and  demand  patterns  are  very  predictable,  but  
less  useful  in  an  energy  system  increasingly  dominated  by  fluctuating  energy  sources.  If  the  real  
power  production  costs  are  only  a   fragment  of   the  price  noticed  by  the  energy  consumers,   the  
reaction   to   high   or   low   wind   power   production   can   be   expected   to   be   minimal   (Madsen,  
Interview,  2011;  Danish  Energy  Agency,  2008).      
  
In   order   to   react   to   dynamic   tariffs,   reflecting   the   production   patterns,   electricity   consumers  
need  meters  able  to  estimate  the  hourly  consumption  –  optionally  remote-­‐‑read  meters  that  can  
react  intelligently  to  the  production  patters.  In  Denmark  currently  mainly  electricity  consumers  
with   a   consumption  higher   than   100.000  kWh  have   this   option,  while   in   Sweden   remote-­‐‑read  
meters  are  already  widely   installed   (Ea  Energy  Analysis,   2010b:28).  The   reason   for   this   earlier  
                                                                                                 
143 As for instance melting of iron, light in garden centers, water pumps, air-conditioning etc. (Ea Energy Analysis, 
2009b:18). 
144 Smart Grid Systems could be seen as a part of the larger Intelligent Energy System, but the two concepts are often 
used to describe the same function; namely to active the adjustable consumption, when needed (sector wise or consumer 
devices).  
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implementation  in  Sweden  could  be  the  already  high  use  of  electricity  for  heating  that  makes  it  
possible  for  consumers  to  actually  respond  to  price  fluctuations  –  indicating  that  meters  might  
also  have  a  higher  potential  as  the  use  of  electrical  heating  and  even  electrical  cars  increases  in  
Denmark.  Dynamic  power  tariffs  are  by  some  researchers  found  to  be  the  most  powerful  tool  to  
integrate  wind  power  (Madsen,  Interview,  2011).    
  
Also  in  association  with  the  use  of  large-­‐‑scale  heat  pumps  and  electrical  boilers,  taxes  were  found  to  
be  highly  influential.  Dynamic  tariffs  could  be  an  option  to  make  use  of  large-­‐‑scale  heat  pumps  
feasible,   when   the   power   price   is   low   and   the   heat   demand   is   high,   while   controlling   their  
impact  on  CHP  production  at   least   in  a  transitional  phase  (Christensen,  personal  conversation,  
2012).145  A   practical   solution  would   be   to  make  CHP   producers   eligible   for   reimbursement   of  
fiscal   tax   for   electricity   used   in   heat   pumps   limited   to   e.g.   a   maximum   of   10   %   of   the  
co-­‐‑generators  electricity  production  (Blarke  2008  in  Mathiesen  et  al.,  2011:12)  or  alternatively  to  
give  a  tax  relief  on  electricity  used  for  heating  in  hours  with  the  highest  wind  power  generation  
(Ea   Energy   Analysis,   2009e:13).   However,   it   should   be   ensured   that   heat   pumps   have   the  
sufficient  amount  of  operation  hours  to  make  them  feasible  despite  the  high  investment  costs,  as  
previously  mentioned.    
  
An  option  could  also  be  to  give  a  RE  tariff  to  heat  pumps,  reflecting  that  2/3  of  the  energy  input  
in  compressor  heat  pumps  is  RE  based146and  potentially  all  could  be  if  wind  power  is  used  for  
the   1/3   remaining   electricity   input   (Ea   Energy   Analysis,   2010a:18).   Also   the   fact   that   the  
introduction   of   other   RES,   such   as   solar   and   geothermal   energy,   is   benefiting   from   favorable  
legal  conditions  for  heat  pumps,  should  be  considered.  
  
A  dynamic  electricity  tariff  could  also  make  the  use  of  domestic  heat  pumps  more  attractive  in  
Denmark;   at   the  moment   they   are   taxed   2,5   times  more   than   fossil   fuels  used   for   heating   (Ea  
Energy  Analysis,  2009e:16).  However,  in  this  case  the  advantages  of  DH  compared  to  electrical  
heating  or  gas  should  be  considered  as  reflected  in  Section  6.3.2.    
  
Dynamic  price  estimations  at  The  Nord  Pool  Spot  Market  
  
A  last  option  that  should  briefly  be  mentioned  in  this  context  is  more  dynamic  price  estimations  
at   the   Nord   Pool   Spot   Market.   As   acknowledged   previously,   prices   and   amounts   of   power  
traded  at  the  Nord  Pool  Spot  Market  are  set  on  the  day-­‐‑ahead  market  (Spot  market)  according  to  
supply  and  demand;  biddings  close  at  noon  for  deliveries  one  day  ahead.  This  procedure  puts  a  
heavy  pressure  at  the  (exclusive)  intraday  market  Elbas  and  at  the  (expensive)  regulative  power  
market  in  case  of  divergent  from  the  expected  power  production/demand.  As  the  share  of  wind  
power   is   increased,  a  more  unpredictable  production  pattern  can  be  expected,  due   to   the  very  
uncertain   prediction   of   wind   power  more   than   two   hours   in   advance   of   production.   Thus   it  
should  be  considered  whether  one-­‐‑day  ahead  planning  of  the  Spot  price  gives  the  best  signal  to  
adjust   the  power   consumption   according   to   the  production  patterns   in   the   future   or   if   power  
price  estimates  more  sensitive  to  the  wind  power  fluctuations  could  be  an  advantage  (Madsen,  
                                                                                                 
145 In case large‐scale heat pumps are desired to mainly substitute boiler‐only operation, and complement/sustain CHP 
production, rather than replace CHP production. 
146 Heat from the surroundings.   
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Interview,  2011;  Ea  Energy  Analysis,  2009b:47).  
  
9.3.6  Summary:  Alternatives  to  support  a  flexible  Energy  System    
  
A  number  of  options  to  support  a  flexible  Øresund  regional  energy  system  have  been  reviewed  
in   this   section;   they   are   not   perceived   as   ‘alternatives’   in   the   sense   that   they   replace   the  
previously   evaluated   TES   options,   but   have   been   evaluated   to   acknowledge   that   TES   options  
alone  cannot  provide  the  flexibility  needed,  but  should  be  part  of  a  greater   ‘flexible  system’  to  
counterbalance  the  fluctuations  of  especially  wind  power.    
  
The  brief  evaluation  conducted  in  this  section  indicated  that:    
  
• Solar  and  geothermal  heating  only  can  be  considered  flexible  options,  if  they  are  combined  
with  TES  options  as   they  need  many  production  hours   in  order  to  be  feasible  –  especially  
solar  heating  is  dependent  on  TES  to  deliver  heat,  when  it  is  most  needed;  in  the  wintertime.    
Due   to   this   seasonal   limitation   of   solar   heating,   the   comparison   gave   an   advantage   to  
geothermal  heating,  although  the  two  RES  options  were  found  to  be  almost  equal  in  terms  
of  heat  production  costs.  Both  options  are  presently  conflicting  with  the  existing  sufficient  
base  load  heat  production  in  Malmø  and  Copenhagen,  especially  in  summer  months,  where  
the  heat  demand  is  low.  Also  the  presently  high  support  for  biomass  in  SE  and  DK  affects  
the  competitiveness  of  geothermal  energy.147  Biogas  was  ascribed  a  major  flexible  potential  
for  heat  and  electricity  production,  but  although  highly  supported  in  DK,  biogas  is  not  yet  
distributed   through   the   natural   gas   system   like   in   SE   due   to   legal   restrictions.   The  main  
difference   in  the  Swedish  and  Danish  support   for  RE  was  found  to  be  the  Swedish  use  of  
certificates  obligating  the  consumers  to  buy  RES  based  electricity,  while  in  DK  operational  
support  and  feed-­‐‑in  tariffs  are  given  directly  to  the  RE  producers.  
  
• Heat   pumps   and   electrical   boilers   have   a   great   potential   to   provide   flexibility   to   CHP  
production  or   to  RE  production   from  geothermal  or   solar   systems.  Especially   compressor  
heat  pumps  were   found   to  have  a  great  potential   for   efficiently   converting   (wind)  power  
into   heat,  when   the   power   price   is   low.  However,   the   current  Danish   taxes   give   a  major  
disadvantage   to   compressor   heat   pumps,   while   the   less   efficient   electrical   boilers   and  
absorption   heat   pumps   gain   from   the   current   taxation.   In   Sweden,   where   taxation   is   on  
electricity   input,   heat   pumps   are   widely   used   for   producing   heat   directly   for   the   DH  
system;   however,   the   energy   derived   from   large-­‐‑scale   heat   pumps   has   been   gradually  
reduced  mainly  due  to   the  priority  given  to  biomass  boilers  and  waste  combustion   lately.  
Electrical  boilers  were  found  only  to  be  comparable  feasible  at  very  low  power  prices  (if  the    
Danish  taxation  on  energy  output  is  ignored).    
  
• Combined   DH   systems   is   not   a   recommendable   option   at   the   moment   if   the   aim   is   to  
support  the  heat  supply  in  Eastern  DK.  This  was  mainly  found  to  be  due  to  an  excess  heat  
production   too   low   in   both   Southern   Denmark   and   Southern   Sweden   to   make   a   DH  
                                                                                                 
147 Refer to Figure 21 in Appendix F for a Danish example of comparable heat production costs including investment 
costs and current tariffs.  
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investment  feasible  for  this  purpose.  See  Appendix  G  for  elaboration.  
  
• Consumer   options   for   flexibility   include   electrical   or   hydrogen   fuelled   cars,   options   for  
electrical   heating   and   cooling   batteries.   Domestic   heat   pumps   were   found   to   be   most  
feasible  for  down-­‐‑scaling  electricity  production,  while  for  up-­‐‑scaling  the  competitiveness  of  
small-­‐‑scale  heat  pumps  and  electrical  boilers  was  estimated  to  be  equal   if  used  more  than  
200   hrs/year.   Compared   to   these   options,   electrical   cars   have   the   advantageous   ability   to  
adjust  the  electricity  production  independently  of  the  heat  demand.  
  
• Dynamic  market  options  are   the  basis  of   enhancing   the  use  of   especially   fluctuating  RES.  
Whereas   Smart  Grid   Systems   are   essential   to  make   domestic   flexible   options   react   to   the  
power   prices,   Intelligent   Energy   Systems   are   essential   to   activate   the   gas   and   heat   sector  
according   to   the   power   prices.   This   potential   was   for   the   same   reasons   also   seen   as  
important  for  TES  and  gas  storage  options.  Dynamic  power  tariffs  were  seen  as  essential  for  
the   Smart   Grid   Systems   and   Intelligent   Energy   Systems   to   function   as   they   should   give  
incentive  to  use  power,  when  the  price  is  low  –  in  Sweden  this  option  is  already  supported  
by  remote-­‐‑read  meters  placed  at  the  consumer’s.  Dynamic  tariffs  could  also  support  large-­‐‑
scale  heat  pumps   in  periods  of   low  power  price  and  high  heat  demand,  while  controlling  
their   impact   on   CHP   production   in   a   transitional   phase.148  Moreover   it  was   suggested   to  
make   estimates  of  market  power  prices  more   sensitive   to   the  wind  power   fluctuations   in  
order   to   support   the  wind  power  producers  and   to   enhance   the  adjustment  of   the  power  
consumption  to  the  actual  production.    
 
 
 
 
                                                                                                 
148 Referring to the actual phase (ill. as the middle phase in Table 6), where a large share of CHP production would probably 
still be beneficial to sustain as other energy production alternatives are not fully introduced yet/technological developed to a 
feasible stage.  
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10. Main Findings and Suggestions from Analysis 
Part A and B 
  
As  the  flexible  options  evaluated  in  Analysis  Part  B  already  have  been  summarized  in  Section  
9.2.8  and  9.3.6,  this  section  will  focus  on  drawing  lines  between  Analysis  Part  A  and  B.    
  
Two  suggestions  should  be  highlighted  here  to  support  a  more  flexible  Øresund  regional  energy  
system  today  and  in  a  longer  time  perspective,  according  to  the  present  and  the  potential  future  
phase  illustrated  in  Table  6:    
  
Present  phase:  Wind/hydropower  gradually  replace  thermal  power  production  
In   the  present  phase  of  wind  power   integration,  market  power  price   fluctuations  were  mainly  
found  to  be  due  to  changes  in  hydropower  production  or  transmission/market  constraints,  but  
also   a   trend   of   low   or   negative   power   prices   was   indicated   to   be   due   to   the   combination   of  
inflexible  CHP  production  and  occasionally  high  wind  power  production.  An  impact  is  already  
seen  on  the  most  inefficient  thermal  power  production,  loosing  competitiveness  to  the  increased  
amounts  of  lower  priced  electricity  from  wind/hydropower  production.    
  
Suggestion:   Increase   CHP   flexibility   by   Tank   TES   combined   with   heat   pumps.   As   Tank   TES  
options   are   already   installed   in   conjunction   with   the   many   efficient   CHP   facilities   in   the  
Øresund  Region,  a  special  potential  for  enhancing  the  flexibility  of  CHP  production  by  adding  
heat  pumps  to  the  tanks  was  highlighted.  With  this  combination,  heat  pumps  could  use  excess  
electricity   while   cheap   and   store   the   produced   heat   in   the   existing   tanks   in   order   for   CHP  
facilities  to  stop  the  production,  when  the  market  power  price  is  low  or  negative.  This  solution  is  
as  far  as  known  not  currently  used  in  the  Øresund  Region.    
  
However,   two   barriers   for   this   option  were   observed:   Tank   TES   is  mainly   used   as   peak-­‐‑load  
capacity   in   Sweden   and   thus   cannot   always   be   expected   to   be   available   according   to   the  
fluctuations   in   market   power   prices.   In   Denmark   the   current   taxation   on   energy   output   for  
electricity   used   for   heating   creates   uncompetitive   conditions   for   the   use   of   compressor   heat  
pumps  –  however,   a  number  of   suggestions  were  given   to   support   the  use  of   large-­‐‑scale  heat  
pumps  while  sustaining  the  CHP  production.  
    
Other  flexible  options  could  also  have  a  high  potential  in  the  present  phase:  
    
- Turbine  By-­‐‑Pass  to  create  short-­‐‑term  flexibility  at  CHP  plants.  This  option  is  only  used  to  
a  minor  extent  in  the  Øresund  Region.    
- Domestic   heat   pumps,   electrical   boilers   and   electrical   cars   combined   with   Smart   Grid  
Systems  and  dynamic  power   tariffs   to  adjust   the  consumption   to   the  production.  Small-­‐‑
scale   heat   pumps   are  widely   used   in   Sweden,   and   increasingly   also   in  Denmark,  while  
electrical   cars  mainly   gains   attention   in  DK.   The   dynamics   of  DH   and   consumer   based  
heating   should   be   considered,   as   should   also   the   present   frameworks   for   electricity   to  
heating  and  obligations  to  connect  to  DH  in  DK.  
- Intelligent   Energy   Systems   to   utilise   the   potentials   of   e.g.   (natural/bio)   gas   for   peak-­‐‑
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load/high  market  power  prices.    
- Extension  of  power  transmission  systems  to  increase  the  flexibility  of  the  power  supply.  
  
Potential  future  phase:  Wind/hydropower  has  partly  replaced  thermal  power/CHP  production  
In   a   longer-­‐‑term   perspective   it   was   assumed   that   the   dependency   on   biomass   would   be  
advantageous  to  reduce.  Moreover  it  was  assumed  that  the  increased  low  power  market  prices149  
would  affect  also  the  more  efficient  power/CHP  production  and  lead  to  higher  heat  prices  if  no  
alternatives  are  found.    
  
Suggestion:  Increase  flexibility  of  the  total  energy  system  –  also  on  expense  of  CHP  production  
In  addition  to  the  suggestions  presented  above  to  support  a  flexible  CHP  production  and  create  
flexibility  at  short-­‐‑term  price  fluctuations,  also  options  for  partly  replacing  CHP  production  are  
needed.   This   also   calls   for   alternative150  stable   heat   production,   for   which   geothermal   energy  
was  recommended,  while  also  solar  heating  and  biogas  should  be  prioritized.  To  support  these  
options  and  to  enhance  the  flexibility  of  the  energy  system,  it  was  suggested  to  increase  the  use  
of  larger-­‐‑scale  TES  options  and  gas  storages.    
  
These   options   are   already   used   to   a   smaller   extent   in   the  Øresund   Region151,   but   in   order   to  
support  an  up  scaling  of  RES  and  TES  it  should  be  considered:  
  
- How  and  when  to  downscale  CHP/biomass  fuelled  heat  production,  as  even  with  the  first  
suggested   options   of   heat   pumps/Tank   TES,   an   extended   CHP   production   would   still  
contradict  the  large-­‐‑scale  introduction  of  e.g.  geothermal  energy  and  solar  energy.152    
- Instruments  could  be  a  tax  on  biomass  and  higher  focus  on  operational  support  and  feed-­‐‑in  
tariffs   for   these  RES.  SE  could  consider   to   let   source-­‐‑directed   feed-­‐‑in   tariffs  partly   replace  
the  Green  Certificates.  Moreover  technology  development,   testing  and  knowledge  sharing  
is  needed,  as  will  also  be  discussed  in  Section  12.2.    
- For  biogas  also  the  legal  frameworks  to  support  biogas  in  the  natural  gas  system  should  be  
considered,  especially  in  DK,  where  this  is  not  yet  common.    
- The  importance  of  decreasing  the  total  energy  demand  in  order  to  reduce  the  need  of  peak-­‐‑
load  power  production  and  increase  the  share  of  RES.    
  
Options  in  a  longer-­‐‑term  perspective:  
- Also  hydrogen,   solar   cells   and  wave  power  have  been  given  potential   in   the   longer-­‐‑term  
perspective.   Especially   wind   power   based   hydrogen   was   emphasised   as   an   option   with  
expected  considerable  increased  efficiency  in  a  foreseeable  future.  All  options  are  currently  
supported   in   DK   and   SE,   but   test   facilities   for   up   scaling   should   be   extended   if   these  
options  should  play  a  notable  role  in  the  future  energy  system.      
                                                                                                 
149 Due to an increased share of wind power in an electricity system, where hydropower already delivers half of the 
supply.  
150 ’Alternative’ to biomass fuelled thermal heat production.  
151 Geothermal energy is used to a large extent in Lund Municipality, supplying half of the DH demand, while in 
Copenhagen and Malmø they are still mainly on the stage of testing. Biogas is mainly used for transportation in Southern 
Sweden, while large-scale solar energy facilities are as far as known not used in the Øresund Region.  
152 It is not suggested to phase out the efficient CHP production, just to downscale it in order to give space to the 
renewable options suggested and to avoid increased dependency on biomass. CHP production will be discussed in a 
future perspective in Section 12.1.  
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For  all  of  these  options  suggested  for  the  future  phase  of  the  Øresund  regional  energy  system,  it  
should  be  considered  that  they  take  time  to  integrate;  which  is  why  an  up  scaling  should  start  
now.    
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11. Conclusion 
  
The  main  objective  of  this  thesis  was  to  highlight  important  trends,  uncertainties  and  options  to  
be  considered  when  making  choices  for  a  more  flexible  energy  system  in  the  Øresund  Region.    
  
This  objective  was  explored  through  two  research  questions:  
  
How  could  the  Øresund  regional  energy  system  be  impacted  from  the  increased  share  of  wind  power  in  the  
Nordic  electricity  system?  
  
Which  flexible  options  including  thermal  energy  storage  have  the  potential  to  counterbalance  this  impact  
on  a  short-­‐‑term  and  a  long-­‐‑term  basis?    
  
  
The  main  trends  affecting  the  potential  for  a  more  flexible  Øresund  regional  energy  system  will  
be   highlighted   below.   Subsequently,   recommendations   for   flexible   options   to   consider   in   this  
context   will   be   presented,   followed   by   the   primary   uncertainties   affecting   these   trends   and  
options.    
  
Main  trends  affecting  a  future  flexible  energy  system  in  the  Øresund  Region  
  
The  most  influential  factors  dictating  when  and  to  what  extent  flexible  options  are  integrated  in  
the  present  Øresund  regional  energy  system  are  changes  in  electricity  and  heat  prices.  Changes  
in  energy  prices  will  in  a  long-­‐‑term  perspective  mostly  be  influenced  by  higher  fossil  fuel  prices,    
(political   visions   for)   increased   shares   of   lower   priced  RES   and   the   capacities   of   transmission  
systems;  and  have  a  number  of  consequences,  which  will  be  presented  below.  
  
It  was   concluded   from   the   analysis   of   the  Nordic   power   prices,   that   currently  Nordic   power  
prices   only   have   a   tendency   to   fluctuate   according   to   wind   power   production.   Present  
fluctuations  in  Nordic  power  prices,  however,  can  mainly  be  ascribed  to  differences  in  high  and  
low   hydropower   production,   transmission   bottlenecks/market   failures   and   an   overproduction  
from  inflexible  CHP  facilities.    
    
Excess  power  production  from  CHP  facilities  was  found  to  be  an  especially  important   issue  in  
the  Øresund  Region,  where  50-­‐‑100%  of  all  heat  is  covered  by  CHP  production.  As  the  share  of  
wind  power  increases,  high  CHP  production  can  be  expected  to  result  in  more  periods  with  very  
low   or   even   negative   market   power   prices,   which   can   serve   to   support   the   case   for   a   more  
flexible  CHP  production  in  the  Øresund  Region.    
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In   a   long-­‐‑term   perspective,   the   observed   trends   could   be   enhanced,   but   could   also   lead   to  
changes:  
  
Today   the  most   inefficient   thermal  power  production   capacity   is  used   fewer  hours  due   to   the  
increase   in   lower   priced   electricity   offered   to   the   Nord   Pool   Market.   As   time   required   for  
thermal   power   production   gradually   decreases,   thermal   power   production   in   periods   of   low  
wind/hydro  power  production  can  be  expected  to  become  more  expensive.  Importantly,  as  the  
differences   between   power   prices   in   periods   of   low   and   high  wind/hydro   power   production  
increases,  the  potential  for  flexible  options  to  counterbalance  these  fluctuations  will  also  increase.  
  
As  heat  prices  could  also  be  affected  if  the  CPH  production  is  decreased  –  this  trend  would  be  
especially  notable   in  the  Øresund  Region,  where  heat  has  for  many  years  been  an  inexpensive  
by-­‐‑product  of  electricity  production.  Higher  heat  prices  would  further  enhance  the  potential  of  
especially  heat  pumps  and  TES,  but  also  of  stable  renewable  heat  producing  energy  sources.    
  
Finally   the   political   visions   for   fossil-­‐‑free   energy   systems   enhance   the   potential   for   flexible  
options;  not  only  due  to  the  expected  high  increase  in  the  intermittent  wind  power  production,  
but   also   due   to   the   aspirations   for   other   RES,   like   geothermal   energy   and   solar   energy,   that  
require  storage  options  and  heat  pumps  to  function  in  the  Øresund  energy  system.  
    
Different  trends  in  the  Øresund  Region:  Despite  many  similarities,  different  trends  were  also  found  
in   the  Øresund  Region   that  might   affect   the  development   of   the   energy   systems.   Lower   local  
production  of  electricity  makes  Southern  Sweden  more  vulnerable  to  changes   in  power  prices,  
while   large-­‐‑scale   heat   pumps   used   in   conjunction   with   the   DH   system   enhance   flexibility   in  
periods   of   low   or   negative   power   prices.   Major   internal   differences   were   found   in   Southern  
Sweden  as  e.g.  Lund  Municipality  produces  all  DH  by   (less  externally  dependent)  geothermal  
energy   and   industrial   waste,   while   the   privately   owned   DH   system   in  Malmø   City   depends  
partly  on  natural  gas  from  Denmark.    
  
Danish  wind   power   production   is   to   some   extent   ‘protected’   from   negative   power   prices   by  
high  feed-­‐‑in  tariffs  that,  combined  with  the  restriction  for  CHP  producers  not  to  raise  heat  prices,  
give   CHP   producers   an   incentive   for   a  more   flexible   energy   production.  Moreover,   the   soon  
worn-­‐‑down  CHP   capacity   in   the  Capital  Region  of  Denmark   could   enhance   this   incentive.   In  
contrast   to   Sweden,   where   inexpensive   electricity   for   a   long   time   has   been   provided   by  
extended   hydropower   and   nuclear   power   production,  Denmark   has   developed   counteracting  
mechanisms   towards   electricity   used   for   heating   -­‐‑   as   will   be   discussed   below   in   relation   to  
uncertainties  affecting  the  development  of  flexible  energy  systems.  
  
Flexible  options  recommended  for  the  Øresund  Region  
  
Flexible   options   in   a   short-­‐‑term   perspective:   Suggestions   for   supporting   a   more   flexible   CHP  
production  mainly  pointed  at   the  potential  of  using  already   installed   thermal   storage   tanks   in  
combination  with  large-­‐‑scale  heat  pumps.  Through  this  combination,  heat  pumps  could  produce  
heat  for  the  Tank  TES  in  periods  of   lower  priced  electricity  and  CHP  facilities  could  stop  their  
production  when  power  prices  are  low  or  negative,  while  delivering  heat  from  the  storage  tanks.  
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This  solution  is,  as  far  as  is  known,  not  currently  used  in  the  Øresund  Region.    
  
Additionally,   flexible   options   like   Turbine   By-­‐‑Pass   could   give   hourly   flexibility   to   CHP  
production,  while   domestic   flexible   options   combined  with   Smart  Grid   Systems   and  dynamic  
power  tariffs  have  been  recommended  to  adjust  consumption  to  production.  Intelligent  Energy  
Systems  were   recommended   to   integrate   the   electricity   and  heat   sectors,   and  make  use  of   the  
potentials  of  gas  to  supplement  fluctuating  RES.  Aside  from  the  widespread  use  of  remote-­‐‑read  
electricity  meters  and  the  use  of  biogas  for  transportation  in  Sweden,  these  flexible  options  are  
only  used  to  a  minor  extent  in  the  Øresund  Region  today.  Electrical  Boilers  were  only  ascribed  a  
potential   in   periods   of   very   low  power   prices   compared   to   heat   pumps   that   could   operate   at  
both  low  and  higher  power  prices  –  if   the  Danish  regulations  for  electricity  to  heat  production  
are   ignored.  The  planned  extension  of   the  European  electricity   transmission  system  could  also  
greatly  contribute  to  the  flexibility  of  power  production,  as  long  as  simultaneously  wind  power  
production  in  the  Northern  part  of  Europe  is  considered.    
  
Flexible  options  in  a  longer-­‐‑term  perspective:  It  is  expected  that  the  possibility  of  RES  replacing  part  
of  the  CHP  production  would  become  more  feasible  with  higher  fuel  prices,  an  increased  share  
of   lower-­‐‑priced   fluctuating  wind  power   and  political   visions   of   fossil-­‐‑free   energy   systems.  To  
counterbalance  fluctuations  of  wind  power,  geothermal  energy  and  biogas  was  recommended,  
while  solar  heating  should  also  be  prioritised,  although  it  is  presently  a  more  expensive  option  
than   geothermal   energy.   These   RES   are   only   used   to   a   minor   extent   in   the   Øresund   Region  
today  –  though  the  large  geothermal  system  in  Lund  Municipality  is  an  exception.      
  
A  strong  interrelationship  was  found  between  the  increase  of  geothermal  and  solar  energy  and  
TES  options   in   order   for   these  RES   to   be   flexible   to   the   current  demand  and  production.  TES  
options   are   already   used   to   a  minor   extent   in   the  Øresund   Region:   PTES   in  Denmark,  while  
Sweden  mainly  uses  the  more  efficient  and  less  space  demanding  ATES  and  BTES  options.  The  
potential  for  these  more  expensive  storage  options  (compared  to  Tank  TES)  could  be  enhanced  
in  a  future  energy  system  with  higher  power  price  differences  and  potentially  also  higher  heat  
prices.   Additionally,   the   gas   storage   found   in   Denmark   has   the   potential   to   enhance   the  
flexibility  of  future  biogas  and  hydrogen  production  that  could  in  turn  supplement  fluctuating  
wind  power  production.    
  
The   widespread   DH   system   in   the   Øresund   Region   was   found   to   be   favourable   for   heat  
distribution  from  geothermal  and  solar  energy,  and  in  combination  with  TES  options,  that  could  
enhance  the  already  considerable  storage  potential  in  the  DH  system.  However,  support  for  DH  
should   be   weighed   against   the   benefits   of   gas   systems,   as   mentioned   above,   and   the   use   of  
domestic   electrical   heating   options,   that   could   be   ascribed   a   higher   potential   in   the   future   -­‐‑  
mainly  in  Denmark,  where  electrical  heating  is  not  widespread  due  to  the  restrictions  mentioned  
above.  
  
Main  uncertainties  affecting  a  more  flexible  energy  system  in  the  Øresund  Region  
  
Long-­‐‑term   future   developments   in   the  Nordic   energy   system   are   hard   to   predict,   as   they   are  
influenced   by  many   factors.   Some   of   the   factors   highlighted   in   this   thesis   are   prices   on   fossil  
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fuels  and  biomass,  the  actual  share  of  fluctuating  energy  sources  implemented,  flexible  options  
integrated   in   the   energy   system   and   the   extension   of   transmission   systems.   Furthermore,   a  
change   in   nuclear   or   hydropower   production   would   affect   the   power   prices   in   the   Øresund  
Region.    This  eventuality,  however,  has  so  far  been  regulated  in  a  Swedish  context.    
  
However,   political   instruments   for   supporting  RES   and   a  more   flexible   energy   system   should  
not   be   underestimated;   these   are   included   as   uncertainties   here,   as   their   potential  
implementation  could  affect  the  use  of  RES  and  flexible  options.    
  
In   the  case  of  both  RES  and  TES,   the  use  of   large-­‐‑scale  heat  pumps  was   found  to  be  essential;  
compressor  heat  pumps  in  particular  could  increase  the  flexibility  of  the  energy  system  not  only  
by  producing  storable  heat,  but  also  by  using  electricity  when  power  prices  are  low.  In  Denmark,  
however,   the   current   taxation   on   energy   output   for   electricity   used   for   heating   creates  
uncompetitive  conditions  for  the  use  of  compressor  heat  pumps.    It  was  suggested  to  gradually  
increase  the  use  of  large-­‐‑scale  heat  pumps,  while  sustaining  part  of  the  CHP  production  e.g.  by  
making   CHP   producers   eligible   for   a   tax   reimbursement   on   electricity   used   for   heating  
corresponding  to  a  limited  share  of  the  total  CHP  production  or  corresponding  to  the  number  of  
hours   in   a   year  with   the   highest  wind   power   production.   In   Sweden   the   long   trend   of   using  
electricity   for   heating   is   reduced,  mainly   due   to   the  Green  Certificates   given   for   biomass   and  
waste   combustion;   in   Southern   Sweden,   additionally,   higher   electricity   prices   after   the   recent  
Swedish  zone  division  could  reduce  the  use  of  large-­‐‑scale  heat  pumps.    
  
The   recommended   combination   of   Tank   TES   with   large-­‐‑scale   heat   pumps   is   in   Sweden  
complicated  by  the  fact  that  Tank  TES  is  mainly  used  for  peak-­‐‑load  heat  capacity  and  cannot  be  
expected   to   be   available   to   balance   hourly   fluctuations   in   power   prices.   The   tanks,   however,  
could   be   more   available   in   the   future   if   the   expected   excess   heat   in   Malmø   City   and   Lund  
Municipality   is   increasingly  stored  by  BTES  and  ATES,  enhancing  the  flexibility  of  the  heating  
system.    
  
The   potential   of   the   TES   options   considered   is   dependent   on   increased   differences   in   power  
prices,  higher  heat  prices  and  renewable  energy  sources  that  require  TES,  but  could  also  actively  
be  enhanced  by  advances   in   technological  development,  knowledge  sharing,   improvements   in  
conditions  for  large-­‐‑scale  heat  pumps  and  by  lowering  the  DH  temperature.    
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12. Discussion  
  
 
12.1 CHP Production in a future Øresund regional Energy System 
  
One  factor  that  has  repeatedly  showed  its  importance  through  this  analysis  is  the  extended  use  
of   CHP   in   the   Øresund   regional   energy   system.   At   times   it   seems   like   the   demand   for   high  
efficiency   energy   production   solutions,   that   after   the   oil-­‐‑crises   in   1973/79   kick-­‐‑started   the  
cogeneration   of   heat   and   power   especially   in   DK,   but   also   to   a   lesser   extent   in   Southern   SE,  
preserves  the  CHP  production  from  being  questioned  today.  And  no  doubt:  If  the  alternative  is  
wasted   heat,   the   CHP   production   is   indeed   to   be   preferred.   But   ironically,   as   has   been  
highlighted  through  this  analysis,  CHP  production  in  an  energy  system  with  increasingly  more  
wind   power   also   leads   to   excess   electricity,   that   already   partly   has   the   responsibility   of   the  
fluctuating  power  prices  today.    
  
Many  of   the  flexible  options  presented  here  could  either  sustain  CHP  production  or  gradually  
replace   it.   For   instance   TES   could   be   used   in   combination  with   CHP   facilities,   increasing   the  
flexibility   of   the   plants   by   for   a   period   separating   the   heat   deliverance   from   the   electricity  
production.  But  like  heat  pumps,  TES  also  has  the  potential  to  create  flexibility  for  other  energy  
sources   as   for   instance   solar   and   geothermal   energy   -­‐‑   RES   producing   heat   separately   from  
electricity,  matching  the  separate  power  production  from  wind  turbines.    
  
At  the  moment  CHP  production  in  some  cases  opposes  the  introduction  of  RES;  for  instance  the  
high   heat   production   from   CHP   (especially   waste   combustion)   at   summer   time   opposes   the  
introduction   of   especially   geothermal   energy   in   Copenhagen   Municipality.   However,   legal  
frameworks   support   the   continued   use   of   CHP   production   for   instance   by   taxing   large-­‐‑scale  
heat  pumps  on  energy  output  –  by  their  efficiency  –  even  though  they  are  an  important  element  
in   the   integration   of   other   flexible   elements   like   TES   and   of   other   energy   sources   like   solar  
energy  and  geothermal  energy.    
  
Off   course   an   economic   rationale   for   using   the  CHP  plants   until   they   are  worn-­‐‑down   can   be  
found;  both  in  terms  of  feasibility  an  due  to  their  high  efficiency  as  long  as  heat  and  power  are  
still   needed   more   or   less   simultaneously.   And   as   long   as   the   alternative   is   expensive   and  
currently   fossil  based  separate  energy  production,  CHP  production   is   really  preferably.  But  as  
the   need   of   cogenerated   heat   and   electricity   decreases   with   the   increase   in   wind   power  
production,  the  share  of  CHP  production  to  be  sustained  by  flexible  options  such  as  large-­‐‑scale  
heat  pumps  and  TES   should  be   reconsidered  –  as   should   the  option  of  gradually  phasing  out  
part   of   the   CHP   production   for   the   benefit   of   alternative   RES   such   as   geothermal   and   solar  
12.1 CHP Production in a future Øresund regional Energy System 
12.2 Potentials for further Øresund regional Co-operation 
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energy.  
  
The  low  marginal  costs  on  wind  and  hydropower  combined  with  the  expectedly  rising  fuel  costs  
on  biomass  will  most  likely  reduce  thermal  energy  production  on  its  own,  but  as  it  takes  time  to  
design   a   flexible   energy   system   for   the   future,   also   national   action   (reconsidering   the   legal  
frameworks  in  the  light  of  the  RES  ambitions)  and  municipal  action  (planning  for  RES  facilities  
that   take   years   to   construct   and   cooperating  with   universities   and   companies   to   improve   the  
technological  aspects  of  a  flexible  energy  system)  is  necessary  now.    
  
  
12.2 Potentials for further Øresund regional Co-operation 
  
  
In   the   initial   chapters   the   benefits   of   further  Øresund   regional   co-­‐‑operation  were   questioned.  
This  discussion  will   focus  on   the  potential   of   co-­‐‑operating  within   some  of   the   thesis’   findings  
that  were  ascribed  the  highest  future  potential.  
  
Several  co-­‐‑operations  already  exist  in  the  Øresund  Region;  previously  a  number  of  projects  were  
mentioned,  and  this  analysis  has  looked  into  the  co-­‐‑operation  of  the  Nord  Pool  Spot  Market  that  
increases   flexibility   of   the   national   energy   systems   by   giving   access   to   a   greater   market.  
Moreover   attention  was   given   to   the   natural   gas   co-­‐‑operation  making  Danish   export   possible  
and  giving  SE  access  to  gas  and  gas  storages  found  in  DK.  In  this  thesis  also  the  option  of  a  DH  
co-­‐‑operation  was  evaluated,  but  at  a  first  view  the  potential  was  not  found  sufficient  compared  
to  the  expenses.    
  
During   this   thesis   analysis   a  number  of  different   experiences  with   the   introduction  of   flexible  
options  have  been  mentioned  –  some  of  these  could  potentially  be  basis  for  co-­‐‑operation  in  the  
Øresund  Region:      
  
For  the  TES  options,  the  analysis  showed  that  Tank  TES  is  widespread  in  the  Øresund  Region,  
while   experiences  with   PTES  mainly   are   found   in   Denmark   and   experiences  with   ATES   and  
BTES   mainly   are   found   in   Sweden.   Whether   these   experiences   are   beneficial   to   exchange  
depends  mainly  on:  
    
- Actual  conditions  for  using  ATES  in  Eastern  Denmark  (the  availability  of  aquifers),  and  the  
potential   of   using   PTES   in   Southern   Sweden,   where   the   more   efficient   BTES   and   ATES  
technologies  already  are  used.  
- The  acceptance  of  using  electricity  for  heating  in  DK  (as  large-­‐‑scale  heat  pumps  will  highly  
benefit  the  use  of  large-­‐‑scale/seasonal  TES).  
- Prioritization  of  RES  that  require  the  use  of  TES.  The  analysis  showed  that  especially  solar  
heating   requires   TES   in   order   to   provide   seasonal   flexibility,   while   geothermal   energy  
requires  TES  if  used  in  combination  with  a  high  level  of  CHP  production.    
  
The   trend   to   support   electrical   cars   and  make   electrical   boilers   competitive  with   boilers-­‐‑only  
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points   towards   a   higher   acceptance   of   electricity   used   for   different   purposes,  which   could   be  
followed   by  more   supportive   legislation   for   heat   pumps.   In   Eastern   Denmark   a   nearly  worn  
down  heat  capacity,  a  rather  inflexible  CHP  production  and  plans  for  geothermal  heating  could  
call  for  the  need  of  large-­‐‑scale  heat  pumps.  The  Swedish  experiences  with  the  use  of  large-­‐‑scale  
DH  connected  heat  pumps  could  be  beneficial  in  a  Danish  context  –  especially  if  it  is  accepted  to  
gradually   replace   part   of   the   CHP   capacity   in   Denmark.   Even   the   current   decrease   in   the  
Swedish  use  of   large-­‐‑scale  heat  pumps  could  be   instructive,  as   it  points  at  an  interdependence  
between  support  for  biomass  boilers/waste  combustion  and  a  decrease  in  the  use  of  large-­‐‑scale  
heat  pumps,   that   could  be  useful   to  acknowledge   in  a  Danish  context,  where  namely  biomass  
and   waste   are   currently   prioritized   for   heating.153  Also   Swedish   experiences   gained   from   the  
long   use   of   domestic   electricity   for   heating   could   be   valuable   in   a   Danish   context,   where   all  
options  for  adjusting  the  energy  consumption  to  the  production  should  be  considered.    
  
Different   options   to   support   RES   have   been   approached   in   Denmark   and   Sweden   –   in   this  
analysis   some   advantages   and   disadvantages   of   Green   Certificates   in   Sweden   and   the   use   of  
source-­‐‑targeted   feed-­‐‑in   tariffs   in  Denmark  have  been  briefly  discussed.  A   co-­‐‑operation  within  
the  field  of  legal  frameworks  could  –based  on  the  existing  experiences  -­‐‑  consider,  when  it  is  best  
to  support  specific  RES  by  operational  help,  feed-­‐‑in  tariffs  and  tax  reliefs,  and  when  it  is  better  to  
support  RES  broadly  by  for  instance  higher  taxes  on  fossil  fuels  and  RE  certificates  in  order  to  let  
the  market  decide  which  RE  technologies  are  developed  to  a  feasible  stage.  One  advantage  of  a  
direct  support  to  RES  and  RE  technologies  could  be  the  possibility  to  implement  long-­‐‑term  plans  
for  the  energy  system  –  on  the  other  hand  examples  given  in  this  thesis  also  showed  that  e.g.  a  
tax-­‐‑relief  on  biomass  at  the  moment  is  a  barrier  to  the  up-­‐‑scaling  other  RES.  In  any  case  it  should  
be  considered  how  to  gradually  adjust  long-­‐‑term  plans  and  RES  support  to  the  actual  needs  in  
the  energy  system;  this  also  highly  applies  to  the  integration  of  the  flexible  options  evaluated  in  
this  thesis.    
  
Within  the  same  field  of  RES  support,  a  co-­‐‑operation  sharing  experiences  with  the  integration  of  
biogas   and   geothermal   energy   should   also   be   considered.   In   the   case   of   biogas,   the   Swedish  
distribution  of  biogas  via  the  natural  gas  net  could  be  of  use  in  Denmark,  where  this  solution  is  
only  about  to  be  approached.  It  should  be  considered  whether  it  is  a  good  solution  to  make  the  
net   operators   responsible   for   the  quality  of   the  gas,   and  moreover   the  most   favourable  use  of  
biogas   should   be   considered;   is   it   for   instance   aimed   at   the   transportation   sector,   the   private  
households  or  the  production  system?    
  
In  the  case  of  geothermal  energy  it  could  be  questioned  whether  a  co-­‐‑operation  is  be  beneficial  –  
the   technical   experiences   from  Southern  Sweden  are  gained  with  quite  different  underground  
conditions  than  found  in  Eastern  Denmark.  However,  the  current  plans  to  up-­‐‑scale  geothermal  
energy   in   Copenhagen,   could   benefit   from   the   on-­‐‑going   tests   of   geothermal   BTES   currently  
taking  place  in  Lund  Municipality,  and  the  upgrading  of  geothermal  heat  to  the  DH  system.  
  
                                                                                                 
153 However, if large-scale heat pumps are chosen to support CHP production, a prioritization of biomass and waste 
combustion does not initially contradict with an extended use of heat pumps. ‘Initially’ because the analysis showed a 
tendency for heat pumps to gradually replace other heat production due to their high efficiency and high investment 
costs/need for many operation hours in order to be feasible. 
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Not   only   knowledge   sharing,   but   also   co-­‐‑operation   on   technical   development   should   be  
considered   in  an  Øresund  regional   context.  A   large-­‐‑scale   integration  of  TES  and  other   flexible  
options  is  dependent  on  more  efficient  and  cheaper  technologies;  for  instance  PTES  with  a  lower  
heat  loss,  and  cheaper  methods  to  estimate  the  underground  conditions  for  BTES  and  ATES.  As  
more   or   less   the   same   flexible   options   are   needed,   a   cross-­‐‑regional   co-­‐‑operation   between  
municipalities,   technology   companies  and  universities   could  be  an  option   to   join   forces   in   the  
evaluation   of   the   flexible   options   in   a   greater   context,   and   the   technical   development   of   the  
options  to  a  more  feasible  stage.    
  
Compared   to   a   national   Swedish   or   Danish   development   group,   an   Øresund   regional   co-­‐‑
operation   has   the   advantages   of   many   different   experiences   in   an   energy   system  with  many  
similarities;   i.e.   a   high   share   of   CHP   production   and   DH,   no   nuclear   power   or   hydropower,  
relative  low  share  of  locally  produced  biomass,  same  power  prices  etc.  The  different  experiences  
within   RES,   TES,   legal   frameworks   and   municipal   planning   could   be   a   basis   for   sharing  
successes,  but  -­‐‑  sometimes  more  important  -­‐‑  also  pitfalls.  A  disadvantage  is  obviously  that  the  
regional   level  does  not  approve  the   legal   frameworks.  However,  a  regional  co-­‐‑operation  could  
elaborate  valuable  guidelines  based  on  practical   examples   and   including  barriers   and  benefits  
experienced  by  municipalities,  energy  companies,  technological  developers  etc.    
 
13. Further Research in continuation of this Thesis 
  
Personally,  one  of  the  most  interesting  topics,  I  have  met  during  the  research  for  this  thesis,  are  
the   different   approaches   for   energy   planning   –   relevant   questions   to   be   asked   in   this   context  
could   be:   How   do   predictive   approaches   influence   the   visions   and   strategies   for   our   future  
energy   system?   How   are   the   energy   strategies   based   on   different   approaches   actually  
implemented?  How  could  the  advantages  of  predictive,  exploratory  and  normative  approaches  
to  energy  planning  be  combined  to  develop  visionary  and  yet  realistic  strategies  for  the  future  
energy  system?      
  
Many  examples  of  approaches  to  energy  planning  have  been  exemplified  in  this  thesis,  but  very  
few  are   linked  to  the  actual  experiences  gained  by  using  these  different  approaches.   In  a   time,  
where  municipalities  as  well  as  nations  develop  energy  strategies  that  reach  many  years  ahead,  
the  basic  approaches  of  these  strategies  seem  very  important  to  consider.  Especially  the  strategic  
approach  is  important  to  consider  in  order  to  avoid  non-­‐‑visionary,  business-­‐‑as-­‐‑usual  strategies  
that   reject   options   that  might   not   seem   viable   today   or   fluffy   idealized   fantasies,   that   do   not  
consider  how  to  move  from  the  present  to  the  future.  The  following  section  will  give  an  example  
of   an   analytic   approach   that   takes   these   considerations   into   account,  while  using   the   findings  
from  this  thesis  in  a  broader  context.    
  
The   findings   from   this   thesis   could   be   included   in   an   exhaustive   scenario   analysis   that   for  
instance  pictures  the  Øresund  regional  energy  system  by  the  year  2030  seen  from  a  consumer,  a  
producer   and   a   municipal   perspective   –   what   are   the   flexible   options   for   each   of   these  
stakeholders  and  how  do  they  interact?  Such  scenarios  could  be  highly  important  for  planners  in  
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order  to  visualize  the  details  of  a  regional  energy  system  and  to  become  aware  of  barriers  for  the  
realisation  of  a  fossil-­‐‑free  energy  system.    
  
In   continuation   of   these   considerations,   it   could   be   relevant   to   look   into   how   networks   of  
municipalities,  universities  and  companies  co-­‐‑operate  and  could  co-­‐‑operate  more  to  implement  
the   strategies   for   a   renewable   based   energy   system.   A   number   of   co-­‐‑operation   projects   have  
been   mentioned   in   this   thesis   whereof   most   are   relative   new   in   the   Øresund   Region;   an  
experience   gathering   from   these   projects   focused   at   barriers   and   incentives   for   co-­‐‑operation  
between   companies,   public   authorities   and   universities   could   be   useful,   not   only   for   the  
development  and  implementation  of  more  efficient  TES  and  RES  technologies,  but  also  for   the  
strategic   planning   process.   For   instance   the   municipalities   could   gain   a   technological   and  
feasibility   perspective   from   technology   developers   in   order   to   optimally   support   the   desired  
development,  as  well  as  gain  a  long-­‐‑term  analytic  perspective  from  the  universities  in  order  to  
plan  from  a  solid  basis  of  for  instance  ‘Trendmapping’  and  ‘Backcasting’.154  
 
14. Methodological Reflections 
  
A  final  comment  should  be  given  to  the  methodological  approach  chosen  for  this  thesis.  For  that  
purpose,  I  would  like  to  draw  attention  to  this  figure  previously  presented  in  the  Methodology  
Chapter  (Figure  2):    
  
In  my  first  attempt  to  answer  the  thesis  research  questions,  I  tried  to  follow  a  Scenario  Analysis  
method  and  actually  went  as   far  as   to  outline   three  different  scenarios   for   the  development  of  
the  future  energy  system  in  the  Øresund  Region.  The  scenarios  contained  different  combinations  
of   flexible   options   that   could   eventually   lead   to   different   changes   in   the   energy   system  
(Exploratory   approach   with   three   scenario-­‐‑outcomes   as   ill.   above).   However,   I   realized,   that  
                                                                                                 
154 Methods presented in the Methodological Chapter 4.  
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these  scenarios  were  too  general  to  use  in  a  specific  Øresund  regional  context.    
  
A  normative  approach  was  already  given,  due  to  the  thesis’  basis  in  political  visions  for  a  fossil-­‐‑
free  energy  system,  and  a  literature  review  would  soon  tell  me,  that  many  exhaustive  strategies  
of  desirable  futures  had  already  been  developed.  I  needed  a  method  that  could  link  these  visions  
and   the   flexible   options  mentioned   in   the   strategies   to   an  Øresund   regional   context.   For   that  
purpose,  inspiration  was  gained  from  Trendmapping  and  Backcasting.    
  
Compared   to   a   predictive   approach   (ill.   left   in   Figure   2)   Trendmapping  has   the   advantage   of  
including   specific   regional   long-­‐‑term   driving   forces   that   could   be   related   to   the   potential  
impacts   of  wind   power   in   the  Øresund   regional   energy   system.  A   forecast   conducted   by   the  
Danish  Energy  Agency155  was  previous  used  as  an  example  of  a  predictive  approach,  were  some  
of  the  potential  trends,  which  could  be  crucial  to  the  conclusions  drawn  from  such  a  figure,  were  
overseen.  However,  this  example  also  demonstrated  that  even  forecasts  use  preconditions156  and  
also   forecast   models   could   be   relevant   to   include   in   an   analysis   like   this,   if   appropriate  
preconditions  are  chosen  and  made  obvious.    
  
Even   though   I   abandoned   the   construction   of   coherent   scenarios,   still   Trendmapping   allowed  
me   to   look   at   the   flexible   options   proposed   in   other   studies   from   an   Øresund   regional  
perspective   –   and   discuss   and   combine   these   options   in   relevant   ways.   For   instance   the  
combination   of   geothermal   energy   (which   already   is   used   or   planned   for   in   the   focal  
municipalities   of   this   thesis)   was   suggested   combined   with   heat   pumps   and   BTES.   Another  
example  is  the  suggestion  of  combining  tank  TES  (already  installed  in  many  CHP  plants  in  the  
Øresund   Region)  with   heat   pumps.   Inspired   by   the   Backcasting  method,   I   suggested   how   to  
remove  some  of  the  barriers  for  these  solutions  by  for  instance  giving  a  tax  relief  on  electricity  
used  for  heating  in  hours  with  the  highest  wind  power  generation/lowest  market  power  prices  –  
for  the  benefits  of  heat  pumps.  
  
The   findings   from   this   thesis   could   be   included   in   an   exhaustive   scenario   analysis   that   for  
instance  pictures  the  Øresund  regional  energy  system  by  the  year  2030  seen  from  a  consumer,  a  
producer   and   a   municipal   perspective   –   what   are   the   flexible   options   for   each   of   these  
stakeholders   and   how   do   they   interact?   Including   the   flexible   potentials   of   for   instance   the  
transportation   sector   in   these   perspectives   could   broaden   the   delimitation   of   this   thesis   that  
mainly  has  focused  at  the  production  side  of  the  energy  system.  Such  scenarios  could  be  highly  
important   for   planners   in   order   to   visualize   the   details   of   a   regional   energy   system   and   to  
become  aware  of  barriers  for  the  realisation  of  a  fossil-­‐‑free  energy  system.    
  
  
                                                                                                 
155 Figure 10. 
156 Figure 10 included for instance an expected price lowering caused by not yet operating Finish nuclear plants.  
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 Appendix A: The Energy Øresund Project in short 
  
The   Energy   Øresund   Project   is   a   collaborative   platform   consisting   of   Øresund   regional  
municipalities,   energy   companies,   universities   and   private   cluster   groups   with   a   focus   on  
knowledge  sharing  within  the  energy  field.  The  project  is  funded  by  the  European  programme  
Interreg   IVA,   aiming   at   creating   an   attractive   and   competitive   region,   characterised   by  
knowledge-­‐‑based  co-­‐‑operation  and  sustainable  development  (Interreg  IVA,  2011).    
  
Energy  Øresund  initially  developed  as  a  co-­‐‑operation,  which  was  aimed  at  launching  a  regional  
climate   protocol   in   association   with   COP   15   in   Copenhagen,   Dec.   2009.   However,   as   the  
potential   of   knowledge   sharing   across   Øresund   became   clear,   the   project   was   directed   at  
optimizing  strategic  energy  planning   in   the  region  –  ultimately  with  an  aim  of  supporting   the  
overall   vision   of   more   renewable   energy   in   the   total   energy   system   (Harboe,   personal  
conversation,  2011).    
  
The  project  initiated  in  January  2011  and  terminates  in  December  2013.  
    
  
The  activity  of  energy  storage  within  the  Energy  Øresund  Project  
The  Energi  Øresund  project   is   specified   into   three  energy   related  activities  of   relevance   to   the  
stakeholders  of  the  co-­‐‑operation;  one  of  these  activities  is  focusing  at  options  for  thermal  energy  
storage   (TES),   large-­‐‑scale   heat   pumps   and   deposit   of   organic   waste.      The   group   includes  
representatives   from   Malmø   City,   Copenhagen   Municipality,   Lund   Municipality,  
Amagerforbrænding   Waste   Combustion   Company,   VEKS   DH   Company,   Lund   University,  
Aalborg  University  Cph.  and  Skåne  Energy  Agency.    
  
The  aim  of  this  activity  is  among  other  targets  to  compare  a  range  of  TES  technologies  in  SE  and  
DK   as  well   as   internationally,   and   subsequently   identify   potentials   for   the   implementation   of  
these   technologies.   In   this   process   a   range   of   business-­‐‑cases   from   existing   or   planned   storage  
projects  are  reviewed,  and  the  potentials  of  implementing  these  cases  in  respectively  Eastern  DK  
and  Southern  SE  are  considered.        
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Appendix B: Stakeholder Interviews and Personal Conversations 
Table 10: Overview of interviews and Personal conversations. Own model. 
Name   Title   Company/  
Organisation  
Date  of  meeting/  
Conversation  type  
Focus  of  the  interview/personal  conversation  
Birkedal,  
Linda  
Environmental Strategist and Climatet 
Coordinator, Partner in Energy Øresund 
/the Energy Storage Group 
Lund Municipality 16-11-2011 
Personal conversation 
Organisation of and future plans concerning the energy 
system of Lund Municipality. Municipal projects on energy 
storage. 
Christensen,  
Hanne  
Climate- and Energy Coordinator, 
Partner in Energy Øresund/the Energy 
Storage Group 
Copenhagen 
Municipality, 
TMF 
23-10-2011 
Interview 
18-01-2012 
Personal conversation 
Organisation of and future plans concerning the energy 
system of Copenhagen Municipality. Projects on energy 
storage and integration of RES.  
Harboe,  
Casper  
Projectmanager of the Interreg IVA 
supported project, Energy Øresund 
Regional 
Cooperation 
projects 
15-09-2011 
Personal conversation 
The initial development of and ideas behind the Energy 
Øresund project. 
Hauksson,  
Charlotte  
Projectmanager of the Interreg IVA 
supported project DH 
Elsingor/Helsingborg 
WSP 
Environmental, 
Malmø 
05-01-2012 
Personal conversation 
The potentials of a DH connection across Øresund. 
Kjær,  Tyge   Associated Professor TekSam, Roskilde 
University 
16-05-2011 
Interview 
Pre-liminar research of the municipal challenges 
concerning strategic energy planning. 
Madsen,  
Henrik  
Professor, Projectleader of the Interreg 
project Wind in Øresund 
DTU Informatics,  25-10-2011 
Interview 
Alternative scenarios of the development of the Danish 
energy system integration of gas system and the electricity 
system. More flexible tariffs. 
Mathiesen,  
Brian  Vad  
Associate Professor AAU Cph 16-11-2011 
Personal conversation 
Large-scale heat pumps, Intelligent Energy Systems and 
Smart Grid Systems 
Norling,  
Malin  
Energy and Climate Advisor, Partner in 
Energy Øresund/the Energy Storage 
Group 
Malmø Stad 23-09-2011 
Interview 
Organisation of and future plans concerning the energy 
system of Malmø Municipality. Municipal projects on 
energy storage and integration of RES.  
Pagh,  Karen  
Marie    
Climate-coordinator Elsingør 
Municipality 
21-09-2011 
Interview 
Pre-liminar research of the municipal challenges 
concerning strategical energy planning. 
Ullum,  
Kasper  
Environment and Energy Advisor, 
Partner in Energy Øresund 
Ballerup 
Municipality 
09-08-2011 
Interview  
Pre-liminar research of the municipal challenges 
concerning strategic energy planning. 
Wik,    Per-­‐‑
Johan  
Responsible for EU fundraising, Partner 
in Energy Øresund 
Energy Agency 
Skåne 
29-08-2011 
Interview 
The organisation and challenges of the Swedish energy 
system. 
Søndergren,  
Charlotte  
Chief Consultant Danish Energy 
Association 
06-02-2012 
Interview 
The Nord Pool System, new electricity transmission 
connections, expectations for the future electricity prices. 
Sørensen,  
Jens  Brandt  
Project Developer VEKS DH 
company 
18-01-2012 
Interview 
The potentials for large-scale heat pumps, DH and CHP in 
the energy system in Eastern DK. 
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Appendix C: Overview of Danish Official Energy Visions and Strategies  
                                                                                                 
 157 Although the strategies presented are written by two different Danish Governments, they are found to be mutual supportive as the Energy Action Plan provides a 
roadmap for how Denmark will reach the EU 202020 targets for the share of RE in the final energy consumption still valid for DK. All target estimates derives from the 
national energy strategy ’Our Energy’.  
158 Danish Government, 2011. The national energy strategy ‘Our Energy’ is only a draft until a new national energy strategy is adopted in 2012. 
159 Danish Government, 2010. 
160 Copenhagen Municipality, 2009. Copenhagen Municipality is working on a Climate Plan pointing towards 2025. 
161 Rambøll, 2008. 
 
     DENMARK 
National Strategies157 Municipal Strategies 
Our Energy (Vores Energi)158 
 
National Action Plan for Renewable 
Energy in Denmark159 
 
Copenhagen Climate Plan 2015 
(Københavns Klimaplan)160  
 
Background Report for Copenhagen Climate 
Plan (Københavns Klimaplan 2015 -
Virkemiddelkatalog for 
energiforsyning)161 
Targets 
Main supporting initiatives for 
targets 
Targets Main supporting initiatives 
Wind share of the 
electricity 
production 
2020: 52% 
2030: approx. 70%. 
 
Public Procurement of 1200 MW 
offshore wind turbines towards 2020. 
Screening for coastal wind turbines of 
400 MW. 
Support for municipal wind turbines 
on land. 
Wind is expected to represent the by 
far largest RE input; no percentages 
available, but new off-shore wind 
turbines are expected to provide the 
main part.  
Considered municipal part-ownership of 
windmill farms or strategical agreement 
with private investors (DONG Energy) 
Share of other RE 
sources in the 
total energy 
production 
Biomass to substitute coal at CHP 
plants  
2020: approx. 27% 
2030: approx. 30% 
 
Biogas production to partly 
substitute coal and natural gas. 
- solar energy and wave energy 
options in the longer run.  
Flexible fuel options for DH 
companies.  
No tax on RE for heating.  
Subsidies for RE generation 
installations. 
Feed-in tariffs for biogas and potential 
forced duty to buy biogas. 
100 mio. DKK fund/ 4 years for 
electricity producing VE-tech (solar 
and wave). 
Biomass to substitute coal at CHP 
plants; no percentages available, but 
see initiatives to the right.  
 
Solar panels are mentioned in 
conjunction with DH to substitute 
other DH production, but only 
ascribed a small potential.  
2015: Two existing coal fired CHP blocks 
are partly or fully changed to biomass. 
One new block and one new CHP plant 
are build.  
See page X for production estimates.  
 
Solutions  
Strategies  
and  
prognoses  
  126
                                                                                                 
162 Christensen, personal conversation, 2012.  
163 From 4132 MW out of a total electricity generation of 4727 MW in the year 2011 to 2753 MW out of a total 6754 MW electricity generation by the year 2020 (Danish 
Government, 2011:104-105).  
164 From DH share 1097 ktoe by the year 2011 out of a total heat generation of 2535 ktoe, to DH share 1486 ktoe out of total 3028 ktoe by the year 2020 (Danish 
Government, 2011:116). 
Extension of 
electricity 
infrastructure 
capacity 
Cables to Germany and SE. Import 
of hydropower mentioned as 
important. 
Analysis planned of the potentials of 
an extended electricity infrastructure.  
Not mentioned None. 
Electrification  of 
the energy system 
Large-scale heat pumps in 
connection with DH, heating 
elements in CHP production, 
individual heating and industry. 
Electrification of the transport 
system. 
 
Fund for large-scale heat pumps.  
No tax on electrical cars till 2015. 
Public support for electrical chargers.  
Heating elements are per 2009 lower 
taxed in conjunction with CHP 
production in order to make use of 
electricity for heating. 
The potential of large-scale heat 
pumps are ascribed to be small, 
however not fully investigated. Heat 
pumps are not seen as a solution 
before year 2025.162 
None. 
CHP or separate 
energy production 
Sustain CHP production with 
biomass input. Separate energy 
production mentioned as 
undesirable. CHP production is 
planned to rise from 19% of the 
electricity being produced in 
cogeneration by the year 2011 to 
41% by the year 2020.163  
No mentioned expansion of CHP 
plants – Table 14 gives an overview of 
the CHP capacity in the Capital 
Region of Denmark. 
Sustain CHP production. Build new biomass fuelled blocks and 
plants as described above.  
Expansion of DH 
or individual 
heating solutions 
In favour of DH. As the share of 
DH is already high, approx. 43% of 
the total heat generation by the year 
2011, only a smaller increase is 
expected, approx.  49% DH of the 
total heat generation by the year 
2020.164  
Request for the municipalities to 
change from natural gas to DH. 
Analysis of where individual 
solutions/DH should be used. 
In favour of DH. The DH system is renovated and all 
delivered heat will come from DH.  
More effective 
energy use 
EU’s 20% more EE in year 2020 
compared to 1990. 
100% more EE in Energy 
companies in 2020 compared to 
2010-2012. 
EE standards directed at Energy 
companies. 1000 mio. DKK fund for 
EE in residences  
EU’s 20% more EE in 2020 compared 
to 1990. 
 
Low pressure turbine at one CHP plant 
enhances EE. Higher electricity output 
from waste based CHP production and 
higher heat output with flue gas 
condensing. 
 
Intelligent energy 
systems and smart 
grids 
Described as a flexible energy 
demand (smart grids) and use of 
international infrastructure on 
electricity. 
See initiatives for the mentioned 
targets. 
Not mentioned. None. 
Flexible estimated 
and priced energy 
production  
Dynamic tariffs and charges on 
electricity production to place the 
consumption in the lower priced 
Analysis of the potentials planned. National planning.  None. 
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Table 11: Overview of Danish energy visions and strategies affecting the Øresund Region. Source: Own model. 
 
hours.  
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Appendix D: Overview of Swedish Official Energy Visions and Strategies  
                                                                                                 
165 Swedish Government, 2010. 
166 Swedish Government, 2009. 
167 Länstyrelsen Skåne Län, 2008. Supported by Länstyrelsen Skåne Län, 2007 (Background material for Klimat- och Energistrategi för Skåne, 2008).  
168 Malmø City, 2009.  
169 4547 MW wind power out of a total expected electricity production of 23829 MW by the year 2020 (Swedish Government, 2010:114).  
170 5,2 TWh Wind power out of a total expected electricity production of 10,6 TWh by the year 2020 (Länstyrelsen Skåne Län, 2008).  
171 16360 MW hydropower, 2914 MW biomass and 8 MW solar power out of a total expected electricity production of 23829 by the year 2020. 9426 ktoe biomass and 6 
ktoe solar energy out of a total expected heat and cooling production of 10543 by the year 2020 (Swedish Government, 2010:114-115).  
 
     SWEDEN 
National Strategies Regional/Municipal Strategies 
 The National Policy on Energy from 
Renewable Energy Sources165  
En sammanhållan klimat- och 
energipolitik. Energi. (Joint Climate and 
Energy strategy, SE Government)166  
Regional: Klimat- och Energistrategi för Skåne 
(Energy strategy for Region Skåne)167  
Municipal: Energistrategi 
Malmø168 and  
Handlingsplan för ett 
hållbart energisystem (Lund) 
Targets Main supporting initiatives for targets Targets Main supporting initiatives 
Wind share of the 
electricity 
production 
2020: 19% wind power169 of total electricity 
production. 
2010-2012: SEK 70 million has been 
allocated for the market introduction of 
wind power. Extension of the certificate 
system for RE. 
Regional 2020: 49% wind power of total 
electricity production.170 
 
Lund 2020: 30 GWh, about 30 % of the 
production in Lund, but only 8 % of production 
connected to the DH-network in Lund 
Lund: Windplan connected 
to the General plan 
(Översiktsplan 2010) 
 
Malmø 2020: Calculations 
are made to have about 70 
GWh.  
Share RE sources 
(other than wind) 
of total energy 
production 
2020: 69% hydropower, 12% biomass and 
0,03 % solar power of total electricity 
production. 89% biomass and 0,05% solar 
energy of total heat production.171  
Green Certificates obligate power 
consumers to buy RE to a fraction of 
their consumption. 
Investment aid for photovoltaic 
cells connected to the grid. 
Financial support for investment 
for solar heating. 
Hydropower is only allowed a minor 
Regional 2020:  
Expansion of solar power, biomas/-gas. Limited 
potential for geothermal energy and hydropower.  
 
Malmø 2030:100 % renewable (including wind) 
energy. Focus on biomass, but also solar heating 
and geothermal energy.  
Lund: 90% renewable 2020, major part of this is 
 
Solutions    
Strategies  
and  
prognoses  
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172 Swedish Energy Agency, 2011:19. 
173 From 11244 GWh out of a total electricity consumption of 87734 GWh by the year 2011 to 16745 GWh out of total 97258 GWh by the year 2020 (Swedish 
Government, 2010:113-114).  
174 2759 ktoe in 2011 to 3141 ktoe by the year 2020 out of a total heat consumption of 10543 by the year 2020 (Swedish Government, 2010: 115). 
increase compared to 2010 standards. 
No tax on fuels used for electricity 
production (also applies for fossil fuels).   
biomass.  
 
Increase/ 
decrease in energy 
export/import  
The considerable  expansion of electricity 
production combined with a minor growth 
in energy demand is expected to lead to a 
high electricity export from Sweden:  
Approx. 23 TWh in the year 2030 
compared to 1,3 TWh in 2007.172 
 
 Regional: As only approx. 12% of the electricity 
consumed in Skåne is regionally produced there 
is a strong focus on strengthening the regional 
electricity balance.  
Lund: similar to the regional situation, we are 
aiming for a local production of about 40% in 
2015. 
Malmø 2020/2030: The aim is to increase the 
locally produced renewable electricity, no set 
figures. See also wind production above. 
Regional: The decrease in 
imported electricity is 
planned to be sustained by a 
reduced regional electricity 
consumption and an 
increased RE production 
(primarily wind and 
biomass).  
 
 
Electrification  of 
the energy system 
In favour or individual heat pumps. Large 
scale DH connected heat pumps are not 
mentioned. Electric cars are mentioned 
once as with no targeted initiatives. 
Aid for conversion from direct-acting 
electricity to rock, lake water or 
geothermal heat pumps. 
Regional: No strategies for e.g. heat pumps or 
electrical cars. 
Lund: The policy of the municipality is to buy 
gas-fuelled cars or electric cars and to provide 
public charging points (5 available right now). 
Malmø 2015: The policy of the municipality is to 
have 100 % “sustainable transporation” and 
75 % of those is to be biogas-, electrical- or 
hydrogen powered. 
 
CHP or separate 
energy production 
CHP production is expected to raise from 
13% of the electricity being produced in 
cogeneration in the year 2011 to 17% in 
the year 2020.173  
An electricity certificate scheme 
promoting cogeneration from bioenergy 
Regional: Expansion of CHP production from 
1,45 TWh (year 2008) to 5 TWh (year 2020). 
Lund: CHP production increase from 100 GWh 
to 400 GWH in 2020. This is close to 100% of 
the local production. 
 
Expansion of DH 
or individual 
heating solutions 
Promotion of DH and individual heat 
pumps instead of direct-acting electrical 
heating. However, DH is only expected to 
increase by 12 % from year 2011-2020 with 
a 30% DH share of the total heat/cooling 
consumption by the year 2020 resulting in 
a DH decrease from the year 2011.174  
Aid for conversion from direct-acting 
electricity to DH and individual heat 
pumps.  
Regional: Expansion of DH according to the 
expansion of CHP production. 
Lund: Increasing share of DH (about 65% today) 
Malmø 2020: Prioritise DH as heating source 
where possible, otherwise biofuel, biogas or heat 
pumps. 
 
More efficient 
energy use 
No concrete targets, but it is highlighted 
that energy efficiency (reduced energy 
Energy taxes on fossil fuels targeted 
households and enterprises.  
Regional: Focus on existing housing stock and 
industry. Larger potential in heat than in 
Lund and Malmø: Miljö-
byggprogram Syd, 
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consumption) is an important mean to an 
increased level of RE sources in the total 
energy consumption.  
electricity consumption. No concrete targets.  
 
Malmø 2020: 20% reduction in energy 
consumption per capita compared to year 2001-
2005. 
 
Lund: Focus on existing housing stock and new 
buildings since half of the housing-stock in 2050 
will have been built later than 2010. Then our 
emissions of CO2 shall be close to zero. 
Greater potential in heat than in electricity-
consumption.  
 
www.miljobyggprogramsyd.
se 
 
Intelligent energy 
systems and smart 
grids 
Smart grids are expected to play a major 
role in the fulfilment of the task for the 
private grid companies to ensure that the 
electricity grid is efficient, reliable and 
secure. 
In favour of smaller energy generating 
units closer to the consumer to enhance the 
control of the grid.  
Svenska kraftnät has been appointed 
the responsibility of the grid balance 
regulation by 1) Increase or decrease in 
hydropower generation 2) Power 
trading. No overall intelligent energy 
system is mentioned. 
Smart Grids will be supported by a 
research programme. 
Regional: Not mentioned. 
Lund: Not mentioned  
Malmø: Hyllie will be a 
development area for smart 
grids.  
Flexible estimated 
and priced energy 
production  
More effective methods for forecasting 
wind power generation mentioned as 
important. 
No mention of flexible pricing on for 
instance and hourly basis.  
Research in forecast methods is 
undertaken.  
Regional: A stronger connection between energy 
consumption and price by e.g. individual energy 
readings.   
Lund: Individual energy readings and use of 
weather-forecasts 
Malmø: See about Hyllie 
above. 
Tabel 12: Overview of Swedish energy visions and strategies affecting the Øresund Region. Source: Own model. 
Appendix E: Extended Separate Thermal Energy Production and 
Increased Export of Electricity  
  
A  review  of  the  potential  consequences  of  extended  separate  thermal  energy  production  and  of  
increased  export  of  electricity.  
  
Extended  separate  thermal  energy  production    
  
One  option   to   increase   the   flexibility  of   the  Danish  energy  system  as   the  share  of  wind  power  
increases  is  to  partly  replace  CHP  production  with  separate  heat  and  electricity  production.  
  
When  producing   electricity   separate   from  heat   only   approx.   48%  of   the   energy   content   of   the  
energy  source   is  utilised,  making   it  a  considerable   less  efficient  solution   than  CHP  generation,  
utilising  approx.  94%  of  the  energy  content.175          
  
Separate  heat  production  by  boilers-­‐‑only  is  more  efficient  than  separate  electricity  production176  
and  could  replace  CHP  production  in  periods,  when  the  wind  power  production  is  high  in  order  
to  avoid  excess  electricity  generation.        
  
The  efficiency  of  the  total  energy  system  is  only  slightly  reduced  by  replacing  CHP  production  
with  separate  heat  production.   In  an  estimated  example  from  the  Danish  Society  of  Engineers,  
IDA,   the   CHP   plants   are   used   according   to   the   wind   fluctuations   and   boilers-­‐‑only   are   used,  
when   the   wind   power   generation   is   high,   resulting   in   4%   increase   of   fuel   consumption/year  
(electricity   export   excl.).   In   return   the   excess   electricity  production   is   reduced  by  approx.   84%  
(IDA,  2009:93-­‐‑94).  
  
Figure   19   illustrates   a   scenario   where   CHP   production   (green   area)   only   takes   place   to  
supplement   an   occasionally   low  wind   power   production   and   the   heat   demand   is   covered   by  
boilers-­‐‑only  (purple  area)  the  rest  of  the  time;  50%  wind  power  share  of  the  total  production  is  
presupposed.    
                                                                                                 
175 The efficiency benefits of cogeneration of heat and electricity are at its highest a 94% utilisation of the energy in the 
energy source used – the efficiency is higher of the CHP heat output than the electricity output, which is slightly 
reduced (DONG Energy, 2011). In coal-fired separate electricity production, the efficiency in the most efficient plants 
is 48% of the energy in the energy source used (CTR, KE, VEKS, 2009:22) – in all cases depending on the energy 
source utilised and the size of the plant. In general the more refined the energy source and the bigger the plant, the 
higher the energy efficiency.  
176 The efficiency of separate heat production is approx. 85-90% (Eur-law, 2011). 
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The  yellow  areas  in  Figure  19  show  the  capacity  of  the  current  thermal  storage  tanks  connected  
to  the  CHP  plants  –  a  remarkably  small  share  of  the  needed  heat  production,  indicating  a  very  
low   flexibility   of   the   system.   In   such   energy   system   with   extended   separate   thermal   heat  
production   and   prioritized   electricity   from   wind   production   (by   feed-­‐‑in   tariffs),   CHP   plants  
have  been  demoted  to  solely  stand-­‐‑ins  for  gaps  in  the  wind  power  production.  As  considered  in  
Section  6.2.2,  thermal  energy  production  only  used  occasionally  may  have  very  high  operation  
costs.  
  
Following  the  Øresund  regional  visions  for  a  fossil  free  energy  system,  biomass  is  the  ‘new  coal’  
in  heat  production.  However,  it  should  be  considered  that  the  current  comparable  low  biomass  
prices  are  influenced  by  the  exception  from  energy-­‐‑  and  CO2-­‐‑  taxes,  giving  biomass  fed  boilers-­‐‑
only   a   considerable   advantage   compared   to   especially   heat   pumps   (CTR,   KE   and   VEKS,  
2009b:10).177  
  
However,  as  more  biomass   is  expected   to  be   introduced   in   the  near   future178,   the  state   income  
from  fuels  for  heat  production  will  decrease.  Thus  a  pressure  to  tax  biofuels  could  be  expected,  
reducing   the   competitiveness   of   biomass   based   boilers-­‐‑only   in   a   long-­‐‑term   perspective   (Ea  
Energy  Analysis,  2010a:18).      
  
In  Sweden  fuels  for  electricity  production  are  not  taxed,  creating  an  incentive  to  separate  power  
generation,   but   not   a   clear   advantage   to   biomass,   which   is   mainly   supported   by   Green  
Certificates,  obligating  power  consumers   to  buy  RE  to  a   fraction  of   their  consumption.  Like   in  
Denmark,   biomass   is   also   indirectly   supported   by   the   European   CO2   tax   on   fossil   fuels  
(Johansson,  2004:2).  With  the  current  Swedish  taxes  on  fuels  for  heat  production  and  the  Green  
Certificates,  biomass  is  competitive  with  other  heat  production  in  the  DH  (Johansson,  2004:3).    
  
However,  the  price  on  biomass  is  expected  to  be  influenced  by  an  increased  global  demand  for  
                                                                                                 
177 And furthermore receives a subsidy, as will be clarified in Section X.  
178 E.g. biomass is expected to provide 27% of the total Danish energy supply by the year 2020 compared to 
approx.16% today (Section X and Appendix C). 
Figure 19: Potential CHP and boilers-only production in a scenario with 50% wind and 
minimised electricity export. The purple area is boilers-only, the light green is CHP 
production, the dark green area is charging of heat and the yellow areas are de-charging of 
heat (according to the storage tanks in conjunction with the CHP plants). Source: Reduced 
model from Danish District Heating Association, 2011a:13. 
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biomass;   making   it   undesirable   for   heat   production   in   a   long-­‐‑term   perspective   (Christensen,  
personal  conversation,  2012).    
  
Increased  export  of  electricity  
  
An   alternative   to   an   increase   in   separate  
heat   production   is   to   export   the   excess  
electricity   produced.   The   extended   wind  
power  will   thus  not  compete  with   the  CHP  
generation  and  no  separate  heat  production  
will  be  needed.    
  
Many   options   exist   to   extent   the   electricity  
infrastructure   capacity,   Figure   20   illustrates  
some   of   the   perspectives   of   an   offshore  
power   transmission   system   in   Northern  
Europe   –   only   the   yellow   cables   are   in  
operation  today.    
  
The   larger   capacity   of   the   transmission   system,   the   more   electricity   could   potentially   be  
exported  (Ea  Energy  Analysis,  2011:23).  A  further  integration  with  e.g.  Great  Britain,  Germany  
and  Holland   as   ill.   in   Figure   20   could   be   a   solution   to   reduce   the   vulnerability   of   the  Nordic  
electricity   system,  when   the  wind  power  production   is   low  and  give  access   to  markets  with  a  
higher  power  price,  when  the  power  production  is  high  in  DK  and  SE.  
  
However,   the   challenges  might   not   be   solved   if   the  wind   power   fluctuations   supplied   to   the  
extended   transmission   system   correspond   with   the   fluctuations   in   the   Øresund   Region,   as  
especially  wind  power  from  Northern  Europe  has  a  tendency  to  do  (Energinet.dk,  2009:4).  
  
In   an   energy   system   with   approx.   50%   wind   power      (DK   vision   year   2020),   an   export   of  
approx.15%  of  the  electricity  demand  could  be  expected  (Bach,  2010:3).  Figure  21  illustrates  this  
development   in   a   hypothetical   model   with   50%   wind   power   share   of   the   total   electricity  
consumption.   The   calculated   electricity   export   resembles   to   a   large   extent   the   wind   power  
production  –  the  smaller  variations  in  the  yellow  model  can  be  ascribed  to  the  daily  variation  of  
electricity  consumption  (Danish  District  Heating  Association,  2011a:12).    
  
Figure 20: Perspectives of an off-shore power 
transmission system in Northern Europe. Only the yellow 
cables are in operation today. Source: Energinet.dk, 
2011a:18 
Figure 21: DK potential electricity export with 50% wind power share in January. Above: Wind power production 
(MW). Below: Potential export by full use of CHP production. Source: Danish District Heating Association, 
2011a:12.  
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It  should  be  highlighted  that  it  cannot  be  concluded  from  this  model  that  an  expansion  in  wind  
production  will   lead   to  more   export;   it  would   be  more   correct   to   say   that   the   combination   of  
inflexible  CHP  production  and  wind  production  leads  to  export   if  no  changes  are  made  to  the  
energy  system.  That  wind  power  does  not  make  up  a  main  share  of   the  electricity  exported   is  
true  from  the  point  of  view  that  one  KWh  of  wind  is  cheaper  than  one  KWh  produced  at  a  CHP  
plant,   due   to   the   low   marginal   costs   of   wind   power   production.   Thus   wind   power   will   be  
exported   as   the   last   option,   and   consequently   an   exported  KWh   is   considered   to   contain   less  
wind  power  than  an  average  KWh  sold  at  the  Danish  market.  It  is  estimated  that  only  1%  of  the  
Danish  produced  wind  power  is  exported,  while  19%  is  used  in  Denmark  (Aalborg  University  in  
Danish  Energy  Agency,  2009b:5).  
  
Also  Sweden  expects  to  be  a  net  exporter  of  electricity  as  the  electricity  production  is  expanded  
with  wind   power   production,  while   the   demand   is   only   subscribed   to   a  minor   growth   –   the  
export  is  expected  to  be  24  TWh  by  the  year  2020  compared  to  an  import  of  1,3  TWh  in  the  year  
2007179  (Swedish  Energy  Agency,  2010d:15;  Appendix  D).    
  
Appendix F: Energy Efficiency and Costs of Geothermal and 
Solar Heating 
  
The   energy   efficiency   and   costs   of   geothermal   heating   system   and   solar   heating   systems  
depends  of  many  factors;   for   instance  the  placement  of  the  solar  panels,   the  soil  conditions  for  
the  geothermal  systems  and  the  current  investment  rates.    
  
The  production  costs  provided  here  are  only  rough  estimates,  outlined  in  order  to  give  an  idea  
of  the  economically  reasons  to  choose  one  solution  over  another.    
  
  
  
  
  
  
  
  
  
  
  
                                                                                                 
179 However, as Sweden still expects to use more electricity domestically than Denmark, the export is only expected to 
be about 4% of the total Swedish electricity consumption by the year 2030  (Swedish Energy Agency, 2010d:15; 
Appendix D). 
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The  geothermal  facility  could  store  injected  heated  water  one  or  more  extra  boreholes,  that  in  a  
geothermal  facility  like  the  one  planned  in  Copenhagen182,  each  could  provide  the  facility  with  
extra  195  TJ  /year  at  a  price  of  approx.  MDKK  17  and  O&M  approx.  MDKK  1/year  (CTR,  KE  and  
VEKS,  2009a:68).    
  
As   the   solar   heating   system  with   storage   facility,   as  well   as   the   geothermal   energy   system   is  
depending  on  heat  pumps,  the  heat  price  will  be  affected  by  the  investment  costs  and  taxes  for  
heat  pumps,  as  previously  mentioned.  
  
Figure  22  illustrates  a  comparison  of  heat  production  costs  from  different  options  in  a  Danish  
context  –  solar  heating  is  not  included  in  this  figure.  
  
  
  
  
  
  
  
  
  
                                                                                                 
180 As illustrated in Figure X (Appendix?) the heat price of the geothermal facility varies considerable according to the 
energy input for the facility; the heat price is approx. 1/3 higher if the facility is electricity driven than if steam from a 
CHP plant is used (CTR, KE and VEKS, 2011:25).  
181 DKK 86/GJ for storage capacity under the assumption that the water in the pit is replaced 1,5 times/year, the 
efficiency of the pit is 80% and the lifespan is 25 years (CTR, KE and VEKS, 2009a:61). Total estimate: DKK 180/GJ 
incl. solar panels and pit seasonal storage (CTR, KE and VEKS, 2009a:13). 
182 The geothermal plant in Copenhagen considered at the moment (Christensen, personal conversation, 2012) is 
expected to produce 1850 TJ/year, with an investment of MDKK 880 (CTR, KE and VEKS, 2009:68). 
   Heat  production  costs    
excl.  seasonal  storage  
approx.  DKK/GJ  (investments  
incl./heat  pump  excl.)    
Heat  production  costs  
incl.  seasonal  storage  
approx.  DKK/GJ  (investments  
incl./heat  pump  excl.)    
Geothermal  
heat  
DKK  100/GJ  if  steam  driven  (150  if  
electricity  driven)180  
Stored  by  extra  borehole,  see  text  
below  
Solar  thermal  
heat  
DKK  100/GJ   +  DKK  86/GJ181  if  stored  by  pit  
storage  
  
Table 13: Heat production costs from geothermal and solar thermal heat production with and without energy storage. 
The estimations of the solar storage are based on a (hypothetical) large-scale storage covering 50% of the total Danish heat 
supply in the year 2010. Source: Own table based on (CTR, KE and VEKS, 2009a:13/61) for solar heating, and (CTR, KE 
and VEKS, 2009b:10, 43-44; Danish Energy Agency, 2010c:9) for geothermal heating. 
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Figure 22: Costs of heat production (DKK/GJ) incl. taxes and construction costs and excl. income from sale of 
electricity. Red columns ill. peak load use (1000 full load hours), blue columns ill. base load use (6000 full load 
hours). 3rd option from the left ill. wood chip fired CHP. 5th option from the left ill. geothermal heating driven by 
steam and sixth option geothermal heating driven by electricity. Source: CTR, KE and VEKS, 2011:25.  
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Appendix G: Extension of DH Systems  
  
Review  of  the  options  to  extent  the  DH  system  in  Eastern  Denmark  to  Southern  Denmark  or/and  
to  Southern  Sweden.  
  
Flexibility:  An  extended  DH  system  has   the  potential   to  provide   flexibility   to  a   future  energy  
system  with  more  wind   energy  by   reducing   the  vulnerability  of   the  heat   supply,   as   sufficient  
heat   could   under   normal   conditions   be   produced   with   many   CHP   plants   connected   –   and  
conversely  excess  heat  could  also  be  distributed.  Moreover,   the  DH  system   in   itself   function  a  
short-­‐‑time  heat  storage  option  –  the  larger  it  is,  the  greater  is  the  storage  potential.    
  
Energy  efficiency  and  costs:  The  plans  of  extending   the  DH  system  to  Southern  Denmark  are  
expected   to   be   realized   by   the   year   2022   (for   larger   buildings)   and   fully   by   the   year   2035.  
However,  Jens  Brandt  Sørensen  from  the  Danish  Capital  Region  DH  company  VEKS,  taking  part  
in  the  extension,  does  not  expect  the  project  to  be  contributing  to  the  DH  supply  in  the  Capital  
Region,  as  Southern  Denmark  only  holds  a  very  limited  heat  production.  Rather  it  is  a  matter  of  
providing  DH  to  the  Southern  Denmark  (Sørensen,  personal  conversation,  2012).    
  
In   the   years   1998/99   an   analysis   of   the   potentials   in   connecting   the   Danish   and   Swedish  DH  
systems   was   outlined   in   a   co-­‐‑operation   between   the   companies   Helsingborg   Energi,   I/S  
Nordforbrænding   and   the  Municipality   of   Elsinore.   These   initial   analyses   concluded   that   the  
proposed   transmission   line   under   the   sea   (half   at   the   seabed/half   under)   would   cost   approx.  
MDKK  260  including  the  connection  on  land  to  the  existing  DH  systems  and  pumps.  A  new  EU-­‐‑
financed  project  has   initiated  a   further  analysis  of   the   feasibility  of   the  project  beginning   from  
January  2012  (Personal  conversation,  Hauksen,  2012).    
  
Simultaneously  with   the   considerations  of   connecting   the  DH   systems,   two   traffic   tunnels   are  
being  considered;  the  national  Swedish  level  focus  on  a  train  and  car  tunnel  between  Elsingor  –  
Helsingborg,  while   the  mayors   in  Copenhagen  Municipality  and  Malmø  City  vote   for  a  metro  
tunnel  between  Copenhagen  and  Malmø  (Øresundsbron,  2011).  Currently  the  metro  tunnel  has  
received   EU   funds   for   an   initial   analysis   –   if   approved   it   could   be   ready   by   the   year   2030  
(Ingeniøren,  2011b).    
  
If   any   of   these   plans   are   realised,   the   DH   connection   between   Denmark   and   Sweden   could  
become  more  feasible  as  a  transmission  line  could  be  established  in  connection  with  the  tunnel  
for  expenses  no  higher  than  the  costs  of  normal  DH  transmission  lines  –  however,  it  should  be  
considered   whether   a   DH   pipe   would   be   safe   to   place   in   a   tunnel   (Personal   conversation,  
Hauksen,  2012).  
  
To   compare   the   feasibility   of   this   investment   to   a   relevant   alternative,   Christensen   from  
Copenhagen  Municipality  points  at  a  wood  chip  fuelled  CHP  plant  that  is  at  the  moment  being  
revised  by  the  municipality  (Christensen,  personal  conversation,  2011).  The  DH  heating  gained  
from  Sweden  with  a  transmission  DH  line  could  then  be  competing  with  a  heat  price  of  approx.  
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DKK/KWh  0,97183  assuming  the  wood  chip  fuelled  CHP  plant  is  used  as  peak  load  capacity  and  
DKK/KWh  0,23  if  used  as  base  load  capacity  (CTR,  KE  and  VEKS,  2011:25).  The  price  for  DH  in  
Denmark   is   at   the  moment  DKK/KWh   0,69   (Danish  District  Heating  Association,   2011b:7).   In  
comparison,  Swedish  DH  costs  approx.  DKK/Kwh  0,62184  (Swedish  District  Heating  Association,  
2011d).    
  
Compared  to  a  wood  chip  fired  plant  used  as  a  peak  load  capacity  (which  it  would  be  if  serving  
as   flexible   heat   source),   a   connection   of   the   DH   system   in   Eastern   Denmark   with   Southern  
Sweden   could   be   more   feasible,   especially   if   a   bridge   or   a   tunnel   is   build.   However,   to  
outbalance   the   investment   costs   and   be   feasible,   the   DH   transmission   line   has   to   be   in   use  
constantly  if  possible  –  thus  the  transmission  lines  are  often  build  with  a  low  capacity.  To  deliver  
a  substantial  amount  of  heat  to  Eastern  Denmark  therefore  necessitates  a  constant  heat  surplus  
from   Sweden.   It   is   so   far   not   clarified   that   this   is   the   case   for  Malmø   or   Helsingborg.   Lund  
Municipality  is  as  mentioned  earlier  expecting  a  heat  surplus  from  the  year  2019,  when  the  ESS  
Research  Center  is   in  operation.  The  ESS  Research  Center  is  expected  to  deliver  150  GWh/year  
(ESS,   E.On   &   Lund’s   Energy,   2011:8).   However,   this   surplus   is   considered   too   little   for   an  
investment  in  a  DH  connection  to  Eastern  Denmark  (Sørensen,  personal  conversation,  2012).185    
  
Øresund  regional  conditions  and  political  will:  Two  more  challenges  are  associated  with   this  
option:  Firstly,   if  part  of   the  heat  demand   in  Eastern  Denmark  should  be  covered  by  Swedish  
heat,  the  transmission  should  be  arranged  in  a  way  so  that  also  peak  load  heat  demand  is  sure  to  
be  covered.  The  non-­‐‑self-­‐‑suppliant  aspect  of  a  shared  heat   transmission  would  probably  make  
some  Danish  politicians  sceptical.    
  
Secondly,  DH   in  Malmø   is  based  on  natural  gas   and  waste,   as  mentioned   in  Analysis  Part  A.  
Thus  the  high  Danish  targets  of  a  fossil  free  energy  system  by  the  year  2035,  and  especially  the  
ambitions   in   Copenhagen   Municipality   of   a   CO2   neutral   city   by   the   year   2025   would   be  
challenged.  Moreover,  it  should  be  clarified  whether  the  cheaper  Swedish  DH  prices  are  a  result  
of   lower   charges   on   pollution   from   the   heat   production   (e.g.   NOx   charges)   –   in   that   case   it  
would  be  hard  to  argue  for  DH  transmission  to  Denmark.    
  
Better  are  the  perspectives  for  an  Elsingør-­‐‑Helsingborg  transmission  connection  in  terms  of  RE  
share,   as   84%   of   the  DH   in  Helsingborg   is   based   on   renewables   (Øresundskraft,   2010).   If   the  
transmission   is   further   connected   to   Lund,   the   DH  would   be   RE   based,   as   the   ESS   Research  
Center  is  expected  to  be  supplied  by  wind  power  (ESS,  E.On  &  Lund’s  Energy,  2011:8).  However,  
the  main  concern  would  be  the  186previously  mentioned  surplus  of  heat  in  Southern  Sweden.    
  
                                                                                                 
183 DKK 270/GJ = DKK 0,97/KWh.  
184 SEK 0,74/KWh. 1 SEK= 0,84 DKK (Exchange rate 17-01-2012). 
185 Jens Brandt Sørensen, VEKS, estimates a DH connection from Eastern Denmark to Lund to cost approx. DKK 1,2 
billions (Sørensen, personal conversation, 2012). The ESS facility would be able to deliver 150 GWh/year equalling 
540 TJ/year. In comparison the DH demand in the Capital Region is approx. 35.000 TJ/year (Sørensen, personal 
conversation, 2012). 
186  
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Appendix H:  Heat Capacity in the Danish Capital Region 
  
  
  
The   data   presented   in   Table   14   has   been   validated   by   Hanne   Christensen,   Copenhagen  
Municipality,   adding   an   uncertainty   about   the   expected   heat   capacity   of   the  
Amagerforbrænding  (waste  combustion  plant),  which  will  probably  be  decreased  in  size  due  to  
an  opposition  towards  increased  waste  combustion  capacity.    
                                                                                                 
187 If the geothermal facility suggested in the Heat Plan for the Capital Region of Denmark is chosen (CTR, KE and 
VEKS, 2009a:10). 
Existing CHP blocks Heat capacity Expected closing 
Existing central CHP blocks    
Svanemølleværket Block 7 350 MW Year 2015 
H.C. Ørstedsværket Block 7 
Amagerværket Block 3 331 MW Year 2017-18 (2027 if extended) 
Amagerværket Block 1 250 MW Year 2017-18 (2027 if extended) 
Avedøreværket Block 1 331 MW Year 2017-18 (2027 if extended) 
Avedøreværket Block 2 582 MW Year 2017-18 (2027 if extended) 
H.C. Ørstedværket Block 8 53 MW Year 2025 
Existing CHP waste 
combustion 
  
Amagerforbrænding Block 1-4 120 MW Year 2014 
Vestforbrændingen Block 1-2 48 MW Year 2014 
Vestforbrændingen Block 5  80 MW Year 2028 
KARA 3-4 28 MW Year 2013 
KARA 5 41 MW Year 2024 
New CHP  blocks Heat capacity Expected opening 
Amagerforbrænding (159 MW) Year 2015 
KARA 6  66 MW Year 2013 
KARA 7 66 MW Year 2023 
Vestforbrænding Block 7 74 MW Year 2023 
Geotermal plant (planned) Approx. 135 MW187 Not available 
Wood chip fired plant 
(planned) 
Not available Not available 
Table 14: Danish Capital Region: Heat capacity and expected closure date of existing CHP blocks, and new 
blocks planned. Source: Own table based on data from (CTR, KE and VEKS 2011:14 /22; CTR, KE and VEKS, 
2009a:63-64; Sørensen, Interview, 2012).  
 
